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In this thesis from Stef J.M. Smeets essential topics 
about perioperative care of elderly with a hip fracture 
are discussed. After a comprehensive and broad 
introduction, several clinical studies are presented. The 
author studied the value of the Patella Pubic Percussion 
Test (PPPT) and discusses whether this test has a place 
in modern practice. The topic of preoperative cardiac 
screening is extensively studied, and the importance of 
correct screening is emphasized. Thereafter, the author 
tries to unravel the truth about the association between 
blood transfusion and mortality after hip fracture 
surgery. Finally, a rare complication after intramedullary 
nailing with dual lag screws is revealed: the Z-effect phenomenon. Additionally, 
an overwhelming amount of data regarding postoperative complications and 
mortality after hip fracture surgery is included.
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CHAPTER  1
General introduction into hip fractures
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EPIDEMIOLOGY OF HIP FRACTURES
Hip fractures are one of the most common injuries after falls in the elderly 
population. Over 97% is due to a simple fall in or around the house [1]. The 
incidence of hip fractures increases with age [2]. In 2010 over 20.000 patients 
sustained a hip fracture in the Netherlands [3]. A further increase is expected as 
a result of a growing population in general, the effects of aging and increased 
prevalence of risk factors for fall-related hip fractures, such as osteoporosis [4]. 
In the Netherlands a male to female ratio of 1:3 existed in 1996 and decreased 
to approximately 1:1.7 nowadays [5, 6], due to better screening, prevention and 
treatment of osteoporosis. Furthermore 56% of hip fractures in women and 37% in 
men results from osteoporosis [5].
PERIOPERATIVE CARE OF HIP FRACTURE PATIENTS
DIAGNOSTIC WORKUP
Usually, a patient with a hip fracture has a characteristic history of a low-energy 
trauma, upper leg pain and inability to walk. On examination the affected leg might 
be shortened and externally rotated, most likely in the case of displaced neck of 
femur fractures [7]. However, clinical presentation can be more subtle. 
Although, radiographs have a 90-98% sensitivity to detect a hip fracture [8, 9], on 
occasion a hip fracture may not be apparent on radiographic examination. The 
term occult fracture describes clinical signs of a fracture without clear radiographic 
abnormalities. In the case of expected occult hip fracture further diagnostic imaging 
with CT or MRI is indicated, although clinical decision rules for additional imaging 
do not exist. Previous studies show that in 2-10% patients the hip fractures cannot 
be diagnosed by plain radiographs alone [8, 10-12]. A missed fracture is more likely 
to happen in patients with poor mobility and cognitive impairment [13]. Both CT and 
MRI show high sensitivity and specificity [14], to detect occult hip fractures with 
high interobserver agreement [15]. MRI has a sensitivity of 100% and up to 100% 
specificity depending on the experience of the radiologist [16]. CT has a sensitivity 
of approximately 87% up to 100% in the case of multidetector CT (MDCT)/multislice 
technique and a specificity of 98-100% [17-19]. Due to immediate availability of 
CT in most hospitals and patient comfort, CT may be preferred according to the 
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Dutch 2016 guidelines for proximal femur fractures [20]. Clinical predictors fail to 
be diagnostic for occult hip fractures. Pain on axial loading of the limb and pre-
fracture restricted patient mobility were both associated with the presence of a 
fracture (p<0.005). Both factors had an identical positive predictive value of 0.76 
and negative predictive value of 0.69. Both predictors combined did not improve 
the probability for occult fracture [21]. Physical examination with the patellar pubic 
percussion test (PPPT) shows an interestingly high sensitivity of 97% and 85% 
specificity in diagnosing hip fracture. The PPPT is performed by finger tapping on 
the patella and by interpretation of the produced sound over the pubic bone using 
a stethoscope. In case of a fracture, a more dull sound is heard. In this thesis we 
investigated the strength and reproducibility of the PPPT and if the PPPT was able 
to detect overt hip fractures and occult hip fractures that may not be determined 
by a standard radiological examination. The trend in modern practice shows an 
increased use of MRI or CT for suspected occult hip fracture [22]. 
PREOPERATIVE SCREENING
Standard workup at the emergency room consists of a detailed history, a complete 
physical examination, an electrocardiography and standard biochemical and 
hematologic tests. The anesthesiologist performs the preoperative screening and 
decides whether adjacent consultations, like a cardiac consultation, are necessary. 
Early operative treatment within 24-48 hours is advocated to minimize the 
potential morbidity/mortality associated with delay to surgery [23-27]. Preoperative 
assessment has the potential of being time consuming and may lead to unnecessary 
delay to surgery. Although some patients might benefit from delaying surgery to 
stabilize acute medical issues, that must be addressed prior to surgery, to minimize 
perioperative risk. Bottle et al. found that patients with a delayed procedure were 
much more likely to have one or more comorbidities. These findings suggest that 
comorbidities do affect timing of surgery [28]. A delay to surgery of >48 hours was 
in 35% the result of stabilization of medical conditions, while for a delay of 25-48 
hours this was only 8% [29]. Delay to surgery is multifactorial and is frequently 
system related delay such as unavailability of an operating room or team and 
trauma lists [29, 30].
HIP FRACTURE SURGERY, RISKY SURGERY? 
To reduce the cardiac risk the American College of Cardiology and the American 
1
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Heart Association (ACC/AHA) have developed guidelines for preoperative 
assessment for non-cardiac surgery with frequent updates. The keypoint of these 
guidelines are summarized in an algorithm indicating the stepwise approach of 
patients using clinical predictors to identify their risk category. See the appendices 
(chapter 8) for a summary of the most relevant findings from the 2007 and updated 
2014 ACC/AHA guidelines regarding preoperative cardiac screening for hip 
fracture surgery. 
Patients can be subdivided in a low, intermediate or high risk group. The purpose of 
preoperative evaluation by this approach is not to give medical clearance but rather to 
perform an evaluation of the patients current medical status, make recommendations 
concerning patient management and risk of cardiac complications over the entire 
perioperative period [31, 32]. 
Hip surgery is considered as intermediate risk surgery, due to the quantity of 
hemodynamic stress it induces [31]. This means that major ischemic cardiac 
complications occur in less than 5% of the time. However, the overall incidence 
of perioperative myocardial ischemia in elderly patients undergoing hip fracture 
surgery has been reported to be 22–53% [33, 34]. Another study showed that 
an isolated increased troponin, without symptoms matching an acute coronary 
syndrome (ACS), was not associated with a significant increase in death and/or 
rehospitalization within 6 months [35]. Identification of cardiac ischemia is difficult, 
and myocardial infarction is probably under diagnosed since classic symptoms 
may be atypical or absent [36]. Previous studies indicated that the principal causes 
of in-hospital death after hip fracture were cardiac failure and myocardial infarction, 
occurring early after the fracture [37, 38]. 
The ACC/AHA guidelines recommend non-invasive cardiac testing in high risk 
patients with active/acute cardiac comorbidity and to consider non-invasive cardiac 
testing for intermediate risk patients with low functional capacity determined by 
metabolic equivalent of task score (MET, see appendices Table 1). Non-invasive 
testing includes stress testing such as dipyridamole-thallium cardiac scintigraphy 
and the more frequently used transthoracic echocardiography (TTE). TTE provides 
information about cardiac risk and function, which can directly affect the need for 
preoperative cardiac interventions or have implications for intraoperative anesthesia 
care and perioperative fluid management [39]. Some conditions with significant 
contribution to perioperative mortality, like aortic stenosis [40] and pulmonary 
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hypertension [41] are difficult to diagnose without TTE [42]. The incidence of 
previously undiagnosed aortic stenosis in a hip fracture population, detected by 
echocardiography is 6.9% (patients with known aortic stenosis not included) [43]. 
Furthermore TTE can provide information about haemodynamic states such as 
hypovolaemia, left ventricular systolic and/or diastolic failure and right heart failure 
[44]. The most common indication for TTE in hip fracture patients are heart murmurs 
heard by auscultation, to determine any significant valvular abnormalities [43, 45]. 
Preoperative cardiac assessment in the hip fracture population is often time 
consuming and may lead to unnecessary delay to surgery [46, 47] and should 
therefore be restricted to those patients at risk who’s patient management is likely to 
be changed by this cardiac consultation [26, 48-50]. Nevertheless, preoperative TTE 
for patients with a hip fracture is frequently performed outside the recommendations 
of established guidelines [51]. In this thesis we extensively studied preoperative 
cardiac screening and outcome after hip fracture surgery in relation with cardiac 
risk.
ANESTHESIA
General and neuroaxial anesthesia are most used in hip fracture surgery. What 
anesthesia technique results in a better outcome remains controversial in literature. 
Potential complications of general anaesthesia include adverse reactions to drugs, 
difficulty in maintaining or establishing an airway, damage to the teeth or upper 
airways, severe hypotension and its potential cerebro- and cardiovascular ischemia, 
aspiration of gastric contents, and postoperative nausea and vomiting [52]. The 
use of general anesthesia in patients with chronic obstructive pulmonary disease 
(COPD) is associated with a higher incidence of composite morbidity, pneumonia, 
prolonged ventilator dependence and unplanned postoperative intubation [53]. The 
need for postoperative analgesia remains after general anesthesia. Postoperative 
intravenous patient-controlled analgesia (PCA) with morphine, continuous femoral 
nerve block (FNB) and continuous epidural analgesia provide similar pain relief 
and allow comparable hip rehabilitation and duration of hospital stay after total-hip 
arthroplasty (THA) [54].
Central neuroaxial blockade provides excellent intraoperative anesthesia, prolonged 
postoperative analgesia and avoids most side effects such as intraoperative 
hypothermia, nausea, vomiting and reduced morphine consumption [55-57]. Also in 
neuroaxial anesthesia there are disadvantages such as intraoperative hypotension, 
1
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which may lead to cerebrovascular or myocardial ischaemia, inadequate 
regional block, urinary retention and headache [58]. Neuronal damage such as 
epidural haematoma or infection are very rare complications [58]. Therapeutic 
anticoagulation use [59, 60] and severe aortic stenosis [61] are contraindications 
to neuroaxial anesthesia, although there is evidence that with continuous spinal 
anesthesia patients with severe aortic stenosis can be safely managed with a lower 
risk of hemodynamic effects due to vasodilatation in the lower body half [62].
Hypotension is common in both general and spinal anesthesia, especially after 
induction. Although there is evidence showing that spinal anesthesia provides a 
more stable hemodynamic profile requiring less intervention to keep mean arterial 
pressure (MAP) close to baseline value in the elderly hip fracture population with 
American Society of Anesthesiologists (ASA) classification 3-4, in comparison with 
general anesthesia [63, 64]. Spinal anesthesia using titrated doses of bupivacaine 
provided better blood pressure stability than propofol or sevoflurane anesthesia, 
with significantly less use of inotropic agents [64]. Furthermore, the maximal 
decrease in mean arterial pressure was lower for spinal anesthesia [64]. 
Despite these findings, a number of different reviews failed to show a clear clinical 
difference in mortality or postoperative complications associated with type of 
anesthesia [56, 65-68]. 
PERIOPERATIVE TRANSFUSION REGIMEN
Anemia in hip fracture patients is very common 39-69%. Patients with hip fracture may 
have anemia for a variety of reasons, for example due to the trauma, intraoperative 
blood loss, pre-existing medical conditions, the use of anticoagulants or perioperative 
haemodilution. The total blood loss after hip surgery is underestimated and much 
greater than what has been determined intraoperatively, commonly exceeding 
1000ml [69].
Anemia has been demonstrated to have a significant effect on mortality after hip 
fracture surgery. In a large study with 7319 hip fracture patients a hazard ratio 
(HR) for 30-day mortality for patients with anemia was calculated at 1.66 (CI: 1.43-
1.91, P<0.0001) and adjusted for comorbidities [70]. Furthermore, Foss et al. 
found a linear relationship between the degree of anemia and ability to mobilize 
independently. A multivariate analysis showed that anemia was an independent risk 
factor for not being able to walk on the third postoperative day [71]. 
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The timing of erythrocyte blood transfusion (pre-, intra-, or postoperatively) and 
appropriate threshold for transfusion is a controversial topic of debate. A 2015 
Cochrane review concluded there was only limited evidence available to support a 
liberal (Hb<10g/dl) instead of a restrictive (Hb <8g/dl) transfusion trigger after hip 
fracture surgery [72]. The FOCUS study, a large international randomized multi-
center study has reported long term survival results demonstrating no difference 
in mortality between high-risk elderly patients treated with a liberal (Hb<10g/dl) 
and those with a restrictive transfusion threshold (Hb <8g/dl) [73]. At the time the 
studies in this thesis were performed the general applicable transfusion protocol for 
patients with a cardiac history was to transfuse for hemoglobin levels <10 g/dl, for 
elderly without a cardiac history at <8 g/dl. 
One other topic which may be beneficial in reducing blood loss is the use of 
tranexamic acid (TXA). This fibrin clot stabilizer demonstrated to deliver a reduction 
in blood loss in major trauma by preventing haemorrhage and reduced the 28-
day all-cause mortality by 1.5% [74-76]. In a hip fracture population, tranexamic 
acid has demonstrated to be safe, cost-effective and reduces the need for blood 
transfusion [77, 78]. One transfusion was prevented with every 8 patients given 
prophylactic TXA [77]. There were no significant differences in mortality rates with 
TXA use [77, 79] or increased risk of venous thromboembolic (VTE) events [80, 81]. 
In this thesis we investigated the incidence of erythrocyte blood transfusion (EBT) 
after hip fracture surgery and reported on the effects of EBT on outcome.
CLASSIFICATION AND TREATMENT OPTIONS
Treatment options for hip fracture depend on fracture type and patient characteristics. 
Hip fractures can be subdivided into intracapsular or femoral neck fractures and 
extracapsular or trochanteric fractures (see figure 1).
INTRACAPSULAR FRACTURES
For intracapsular fractures the classification by Garden is most frequently used (see 
figure 2), followed by the Pauwels classification (see figure 3).
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Figure 1. Types of hip fractures.
The Pauwels classification can only be used after reposition and is based on the 
vertical orientation of the fracture line [83]. The angle formed by extending the 
fracture line upwards to meet an imaginary horizontal line drawn through the trans-
tubercular (iliac crest) plane on AP radiograph is described as ‘Pauwels angle’. The 
steeper this angle, the greater the instability of the fracture. It is recommended by the 
Dutch guidelines for proximal femur fractures [20] to use the Garden classification 
for intracapsular fractures (see figure 3). The Garden classification is easier in use 
and only uses the anteroposterior radiograph.
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Figure 2. Garden classification for intracapsular hipfractures [84]. Illustration by S.J.M. Smeets. 
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Garden I and II are considered stable fractures and are non-displaced. These 
fractures are preferably treated with internal fixation (IF) to save the femoral head. 
For example, cannulated screws or the dynamic hip screw (DHS), with or without 
anti-rotation screw can be used [85, 86]. There is a place for conservative treatment 
for Garden I patients, but due to the risk of avascular head necrosis (AVN) and 
the necessity for more profound surgery afterwards, the Dutch guidelines state 
that internal fixation is preferred [20]. Furthermore, internal fixation is associated 
with reduced length of hospital stay, improved rehabilitation and higher union 
rates compared to conservative treated patients [87]. In a large systematic 
review involving twenty-nine studies with 5071 patients (1120 patients treated 
conservatively and 3951 surgically) union rates were 68.8% (642/933) and 92.6% 
(635/686) respectively, (p < 0.001). The avascular necrosis rate in the conservatively 
treated group was 10.3% (39/380), while it was 7.7% (159/2074) in the surgically 
treated group (p = 0.09) [88].
Garden III and IV are unstable fractures and displaced. These fractures are treated 
with internal fixation, hemi-arthroplasty or total hip arthroplasty (THP) depending 
on age, activity level of the patient and comorbidity. Internal fixation is preferred in 
most patients up to 60 years. Pre-existent significant osteoarthritis and pathological 
fractures are exception criteria [89-93]. Failure rates of IF progressively increase 
with age from 5.9% in patients <40 years, 24.9%-38% in patients over 65 years and 
up to 42-55% in patients over 70 years of age [94-99]. Risk factors for failure after 
IF are a history of alcohol abuse, renal or respiratory disease, therefore arthroplasty 
should be considered in those patients [100]. The strongest association was found 
for renal failure. For patients aged 65-79 year with a high vitality-score based on 
preoperative mobility, living situation, ASA score, mental status and bone density 
and an optimal reposition and fixation show a 25% conversion rate to arthroplasty 
Figure 3. Pauwels classification for intracapsular hipfractures [82]. Adapted from original by Pauwels.
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[101]. In patients >80 years revision surgery after IF is needed in almost 50% of 
patients regardless vitality. Nevertheless, functional outcome (Harris Hip Score) 
is similar after primary THP compared to secondary THP after osteonecrosis of 
the femoral head (ONFH) after failed primary IF [102]. IF should be considered 
as a minimally invasive procedure in the case of immobile or palliative patients 
irrespective of age [20]. 
The role of cognitive disorders in the choice of treatment of femoral neck fractures 
is under discussion. Demented patients had a significantly higher mortality rate 
and functional outcome after hemi-arthroplasty for displaced intracapsular femoral 
neck fractures compared to patients without mental impairment [103]. However, 
hemi-arthroplasty compared to IF showed no excess morbidity or mortality up to 
1-year postoperative, better functional outcome, and significant less re-operations 
in patients with severe cognitive dysfunction [104, 105]. Dementia should therefore 
not be a reason for disqualifying those patients from the most appropriate surgical 
method. 
In general IF can be used up to 80 years of age for ASA 1-2 patients, after shared 
decision making with the patient, in consideration of the chance of revision surgery 
and the patients activity level and comorbidity. Primary arthroplasty should be 
considered in most patients >60 years of age with displaced femoral neck fracture, 
with a comparable low re-operation risk of approximately 2-8% for hemi-arthroplasty 
and THP [106-110]. The healthy, lucid, >60-80 year old patients are preferably 
treated with total hip arthroplasty. The older, impaired or institutionalized patient with 
high comorbidity, would benefit from a hemiarthroplasty [20, 111, 112]. Cemented 
hemi-arthroplasty and THP are preferred above uncemented implants due to fewer 
implant-related complications and similar mortality and functional outcome [113, 
114]. 
EXTRACAPSULAR FRACTURES
Trochanteric fractures can be classified by the AO-classification (Arbeitsgemeinschaft 
für Osteosynthesefragen, see figure 4) [115]. The complete classification has low 
inter- and intraobserver agreement and has limited predictive use for the outcome 
of treatment. Therefore, classification by the main sub-groups (A1, A2, A3) is 
recommended [20, 116, 117]. All trochanteric fractures are extracapsular, so there 
is minimal risk of osteonecrosis of the femoral head. 
1
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31-A1 are simple, two-part pertrochanteric fractures (AO): The fracture line can 
begin anywhere on the greater trochanter and end either above or below the lesser 
trochanter. The medial cortex is interrupted in only one place. These fractures 
cause significant shortening, but they are stable after reduction and fixation, largely 
because of the excellent contact of the fracture surfaces and no comminution. The 
lesser trochanter, the so-called medial buttress, is intact. These fractures may be 
treated with a sliding hip screw and plate (SHS), or a cephalomedullary nail. In a 
randomized controlled trial 600 trochanteric fractures were treated with Dynamic 
Figure 4. Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic Trauma Association classification 
of pertrochanteric fractures. Copyright the AO Foundation, Switzerland. (Source: AO Surgery Reference).
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Hip Screw (DHS) or Proximal Femur Nail (PFN) and had comparable outcome [118]. 
Since there is no evidence for a superior technique, SHS is a considerably cheaper 
implant and therefor recommended by the Dutch guidelines [20]. 
31-A2 are multifragmentary pertrochanteric fractures (AO): The fracture line can 
start laterally anywhere on the greater trochanter and runs towards the medial cortex 
which is broken in two places. This results in the detachment of a third fragment, 
which includes the lesser trochanter. These fractures cause significant shortening 
and tend to be unstable after reduction and fixation, because the medial buttress 
is compromised. These fractures may be treated with a sliding hip screw, or a 
cephalomedullary nail. From a review including 909 patients, intramedullary nail 
(IMN) fixation was found to be the superior treatment of choice for 31-A2 trochanteric 
fractures as compared with SHS fixation. The results showed that the IMN group 
was associated with less operative blood loss, leg shortening, wound infections, 
length of hospital stay, and achieved a higher Parker score as compared to the 
SHS group. No significant difference was found for fracture fixation complications, 
postoperative complications, and 1 year mortality [119]. Currently there exists no 
consensus about the best fixation method for these unstable trochanteric fractures. 
31-A3 are true intertrochanteric fractures (AO): They are subdivided according to 
the fracture pattern. The fracture line passes between the two trochanters, above 
the lesser trochanter medially and below the crest of the m. vastus lateralis, laterally. 
Both femoral cortices are involved. These fractures cause significant shortening and 
tend to be unstable after reduction and fixation, because both cortices are involved. 
Furthermore, a subtrochanteric fracture is defined as any fracture occurring at the 
lesser trochanter or at a distance of approximately 5 cm below the lesser trochanter 
[120]. These fractures may be treated with a sliding hip screw, 95° blade-plate or a 
cephalomedullary nail [121]. With the use of intramedullary implants operative time 
and fixation failure rates are reduced [122]. 
In unstable fracture patterns, intramedullary devices appear to have a biomechanical 
advantage over extramedullary devices, lowering the forces imposed on the implant 
due to the shorter lever arm of the fixation [123, 124]. A long nail has a longer 
working length and can protect the remnants of the femur shaft below the fracture 
site for periprosthetic fractures [125, 126].  
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OUTCOME AFTER HIP FRACTURE SURGERY
MORBIDITY
Over 90% of hip fracture patients are older than 65-year-old and have pre-existing 
medical comorbidities [127]. Age and comorbidities contribute in a great extend 
to prognosis and treatment. Common comorbidities are cardiovascular (24%), 
dementia (24%), stroke (13%) and respiratory disease (14%) [128]. Even with optimal 
care, elderly hip fracture patients suffer high morbidity and mortality rates, and 
often demand for expensive hospital aftercare [129]. Postoperative complications 
can arise from surgery itself, comorbidity or implant related complications. 
Complications can be subdivided into medical and surgical complications. 
The American Society of Anesthesiologists (ASA) classification is associated with 
the risk of postoperative medical complications. Hip fracture patients with ASA 3 
had a 3.8 times greater chance and ASA 4 patients a 7.4 times greater chance 
of having a medical complication in comparison with ASA 2 patients [130]. The 
incidence of major postoperative complications after hip fracture surgery is 20%-
63.9% [123, 131-134]. Common complications are anemia requiring erythrocyte 
blood transfusion (22-56%), delirium (30-50%), pneumonia (4-10%), pulmonary 
embolus (1-2%), deep infection (1%), urinary tract infection (4-18%), gastrointestinal 
haemorrhage (1-3%), myocardial infarction (1-2%), stroke (1-2%) and pressure 
sores (10-40%) [26, 71, 128, 131, 135-142].
MORTALITY 
Postoperative complications increase short and long-term mortality [127]. Patients 
with acute heart failure or a postoperative pneumonia had a 30-day mortality of 
65% and 43%, respectively [131]. Mortality rates after hip fracture surgery are high: 
in-hospital: 5%-11%, 1-month: 3%-13%, 3-month: 10%-28% and 1-year: 17%-43% 
[26, 137, 143]. Independent predictors for 1-month mortality in patients with hip 
fracture included male sex, age >86 year, two or more comorbidities, anemia, and 
a mini mental test score ≤ 6 of 10 [144]. Furthermore, survivors of hip fractures have 
a significant lower life expectancy in comparison with the general population (age 
and sex matched) [145]. Hip fracture reduced life expectancy by 1.8 years or 25% 
compared with an age- and sex-matched general population [145].
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SURGICAL COMPLICATIONS AND IMPLANT FAILURE
Various surgical complications might occur after hip fracture surgery, and are 
correlated with patient characteristics like high ASA score [146], osteoporosis 
[147], malnutrition [148, 149], diabetes [150, 151], unstable fracture type, poor 
fracture reduction, poor quality of the osteosynthesis and choice of implant type 
[152]. Surgical complications are frequently fracture specific, for example the main 
problems in intracapsular fractures are biological due to vascularization of the 
femoral head and disruption of the periosteum of the neck of femur, both major 
contributors to fracture healing in this type of fractures. In extracapsular fractures 
surgical complications occur frequently due to mechanical issues in relation with 
load-bearing [129].
INTRACAPSULAR FRACTURES
Two major complications may arise following treatment of an intracapsular fracture 
by internal fixation: non-union and avascular necrosis (AVN) or osteonecrosis of the 
femoral head (ONFH). Non-union rates vary greatly from 10-45% [106, 153]. Factors 
associated with re-operation include high age, displaced femoral neck fractures, 
degree of comminution, quality of reduction and non-union [154, 155]. Avascular 
necrosis of the femoral head occurs in 9%-18% of patients. Risk factors include 
high age, the degree of initial fracture displacement and delay to surgery [156-158]. 
Failed internal fixation has a significant impact on the patient with a twofold increase 
of length of hospital stay and patients are more likely to suffer a downgrade in their 
residential status upon discharge and disability may become permanent [159]. 
Total hip arthroplasty is an effective salvage procedure after failed osteosynthesis 
of hip fractures. Most patients have good pain relief and functional improvements, 
in spite of technical difficulties and higher complication rates compared to primary 
arthroplasty [160, 161]. With arthroplasty different surgical complications are en-
countered. Dislocation after arthroplasty was historically a common complication, 
reported in approximately 4-14% of patients and more frequently in THP compared 
to hemi-arthroplasty and after revision or salvage arthroplasty compared to primary 
arthroplasty. The majority of dislocations occur posteriorly, typically after flexion, 
adduction and internal rotation of the leg. Enhanced soft tissue repair after a pos-
terior approach or a modified lateral approach and implant developments such as 
dual mobility cups effectively reduced the incidence of dislocation to around 1% 
[162-164]. Although clear evidence, these implants are not standardly used due 
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to lack of evidence regarding wear and component longevity [165]. Osteolysis is 
a process in which bone is resorbed due to a macrophage-induced inflammatory 
response to particulate debris. The major problem over time associated with THP 
today is loss of fixation due to osteolysis or aseptic loosening. The risk of aseptic 
loosening leading to revision surgery is about 1 percent per year [166]. The inci-
dence of infection after primary THP is low and varies between 0-1.7% [167]. Pros-
thetic joint infection is a devastating complication for the patient and comes with 
severe costs and need for several reoperations.
EXTRACAPSULAR FRACTURES
Nonunion is less common in extracapsular fractures and occurs mainly in 
severely comminuted unstable fractures with bone loss in approximately 1%-2% 
[168]. The explanation for this low non-union incidence can be found in the fact 
that the fracture occurs primarily in cancellous bone with good vascularity, thus 
minimizing the risk of avascular necrosis and non-union. The typical appearance 
of AVN is varus collapse of the proximal fragment and cut-out of the compression 
screw. Screw cut-out occurs in between 1.1% and 6.8% of patients treated for 
an extracapsular fracture, and accounts for 85% of fixation failures [169-171]. The 
main causes of cut-out are fracture instability [172] and the incorrect placement of 
the lag screw. A position of the lag screw center-center or inferior-center (over the 
calcar) is preferred above other positions [171, 173]. The most important predictor 
for cut-out is the tip apex distance (TAD), from the screw tip to the margin of the 
subchondral bone [174]. When the TAD was greater than 35 mm, the cut-out rate 
was 30%, while when TAD exceeded 45 mm, the cut-out rate increased to 60%. 
The best results have been reported with a TAD of less than 5 mm [173]. Other 
lag screw related problems are breakage and screw cut-through, sometimes with 
perforation of the acetabulum or other vital structures in the pelvis. To avoid implant 
failure in unstable trochanteric fractures different implant types with different screw 
designs have been developed. With the introduction of dual lag screw implants, 
a new complication occurred, known as the Z-effect. The Z-effect describes the 
appearance of lateral migration of the inferior lag screw and medial migration of the 
superior lag screw during the weight bearing rehabilitation period [175, 176]. In this 
thesis we studied implant failure, in particular the Z-effect, after the use of dual lag 
screw implants for the treatment of trochanteric fractures.
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 25
25
ORTHOGERIATRICS
Orthogeriatrics describes the multi-disciplinary approach to the management of 
frail and often complex patients presenting with fragility fracture to ensure that they 
receive appropriate and timely intervention to allow the best possible outcome 
[177]. An understanding of how the impact of trauma, anesthesia and surgery will 
affect patients with physical and cognitive frailty is essential. Three models of Ortho-
geriatric interventions were identified in literature [178]:
Model 1: Routine Geriatric Consultation - Care that takes place within an orthopaedic 
ward with consistent geriatrician consultation on older patients. In this model, the 
geriatrician is a consultant. 
Model 2: Geriatric Ward - Care within a geriatric ward with the orthopaedic surgeon 
acting as a consultant and responsibility for the care is with the geriatrician. 
Model 3: Shared Care - An integrated care model where the patient is within 
an orthopaedic ward, but both the orthopaedic surgeon and geriatrician share 
responsibility for the care of the patient. This model describes the geriatrician as an 
integral part of the orthopaedic team with team involvement.
Orthogeriatric care has resulted in demonstrable improvements in care for patients 
with hip fracture. An integrated orthogeriatric treatment in a Centre for Geriatric 
Traumatology in the Netherlands, showed a significant decrease in the 1-year 
mortality rate in the frail elderly patients with a hip fracture compared to the historical 
control patients who were treated with standard care (23.2% vs 35.1%). A meta-
analysis of orthogeriatric collaboration was associated with a significant reduction 
of in-hospital mortality (RR 0.60, 95%CI 0.43-0.84) and long-term mortality (RR 
0.83, 95%CI 0.74-0.94). Length of stay (standardized mean difference, SMD −0.25, 
95%CI −0.44 - −0.05) was significantly reduced, particularly in the shared care 
model in comparison with other models (SMD −0.61, 95%CI −0.95 - −0.28), but 
heterogeneity limited this interpretation [178].
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AIM AND OUTLINE OF THIS THESIS 
The general aim of this thesis was to study several aspects of the diagnostic and 
therapeutic workup of the elderly patient with a fractured hip. 
In chapter 2 we investigated the strength and reproducibility of the patella 
pubic percussion test (PPPT) to diagnose occult hip fractures. In chapter 3 and 
4 we used the American College of Cardiology and American Heart Association 
guidelines for non-cardiac surgery to study preoperative cardiac screening in the 
elderly population with hip fracture. Furthermore, we reported on effects of delay 
to surgery and outcome after surgery in relation with cardiac risk. We investigated 
predictors for early and late mortality after hip fracture surgery. Chapter 5 reports 
on the incidence of erythrocyte blood transfusion (EBT) after hip fracture surgery 
and elaborates on the association between EBT and outcome. In chapter 6 we 
studied implant failure, in particular the Z-effect, after the use of dual lag screw 
implants for the treatment of trochanteric fractures. Finally, in chapter 7 the results 
of this thesis are discussed in a broader perspective. A summarizing discussion is 
provided which answers the following clinically relevant questions regarding this 
thesis and future perspectives:
1. Does the Patella Pubic Percussion Test (PPPT) have a place in modern practice?
2. Preoperative cardiac screening, how important is it?
3. Blood transfusions, do or don’t?
4. What is the best implant choice for unstable trochanteric fractures?
In the appendices (Chapter 8) the most relevant findings from the 2007 and 
updated 2014 ACC/AHA guidelines regarding preoperative cardiac screening for 
hip fracture surgery are listed. 
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CHAPTER  2
The patellar pubic percussion test (PPPT): 
A simple bedside tool for suspected occult 
hip fractures
S.J.M. Smeets, W. Vening, M.B. Winkes, G.P. Kuijt, G.D. Slooter, P.V. 
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ABSTRACT
Background: Patellar finger tapping produces a typical sound that can be detected 
by a stethoscope positioned on the pubic bone (PPPT, patellar pubic percussion 
test). Characteristics of this sound are determined by continuity of bone between 
patella and pelvis. We hypothesized that a PPPT was able to detect overt hip 
fractures and occult hip fractures that may not be determined by a standard 
radiological examination.
  
Methods: Two independent observers performed a PPPT in patients with a suspected 
hip or pelvic fracture, just before a conventional radiograph (X-ray) was performed. 
The PPPT test was scored as negative (similar to contralateral side) or positive 
(different). Patients with a positive PPPT but with a negative X-ray underwent an 
additional CT scan.
 
Results:191 patients with suspected hip or pelvic fracture were included. A total of 
161 patients (84%) were diagnosed with a fracture (hip, n=142; pelvic, n=19). A 85% 
sensitivity, a 70% specificity, a 0.94 positive predictive value and a 0.47 negative 
predictive value of the PTTT were calculated. The interobserver reliability (kappa) 
was 0.7. Eleven CT-scans as indicated by a mismatch between PPPT (positive) and 
X-ray (no fracture) identified 8 fractures (73%). A multivariate analysis demonstrated 
that a painful passive movement and the PPPT predicted a hip fracture. 
Conclusion: The PPPT is a simple bedside diagnostic tool that is sensitive in 
detecting clinically straight forward hip fractures as well as occult hip fractures. The 
PPPT can support decision making for additional radiological examinations in case 
of potential occult pelvis or hip fractures.
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INTRODUCTION
Annually, over 20.000 patients sustain a hip fracture in the Netherlands [1]. A typical 
patient with a hip fracture has a characteristic history of an adequate trauma and 
upper leg pain in the presence of a limited range of motion. However, occasionally 
a patient presents with an occult hip fracture. The term occult describes a clinical 
fracture without clear radiographic evidence. The gut feeling of the attending 
clinician will determine whether an additional CT or MRI-scan is justified. In contrast, 
undiagnosed hip fractures may lead to fracture displacement and avascular 
necrosis due to treatment delay [2]. The use of a stethoscope in diagnosing 
fractures was first described by Henry Bowditch in his 1846 book termed ‘the young 
stethoscopist’ [3]. Alternatively, Bache used a tuning fork test in diagnosing femoral 
neck fractures [4]. In this procedure, a vibrating 128 Hz tuning fork is positioned 
over the medial femoral condyle or patella. By placing a stethoscope over the pubic 
symphysis, a characteristic sound may be heard. The patellar pubic percussion 
test (PPPT) is based on this phenomenon [5-7]. A PPPT is performed by finger 
tapping on the patella and by interpretation of the produced sound over the pubic 
bone using a stethoscope. In case of a fracture, a more dull sound may be heard. 
We hypothesized that a PPPT was a reliable test and able to detect occult hip 
fractures that were not identified by standard radiological examination.
METHODS
This blinded prospective study was performed in Máxima Medical Center (MMC), 
Veldhoven, the Netherlands, a large teaching hospital in a rural environment in the 
south-eastern part of the Netherlands. Patients presenting to the emergency ward 
who were referred with hip or pelvic trauma were enrolled between March 2014 and 
June 2015. Patients were excluded if they had previously undergone hip or knee 
surgery. After informed consent, an emergency physician completed a standardized 
form with the following items: sex, age, ASA classification, side of injured hip, type 
of injury, leg position on inspection, ability to weight-bear, assessment of active 
and passive hip flexion and the occurrence of pain during axial loading of the 
hip. Subsequently, two physicians independently performed a PPPT just before 
standard X-rays were performed. A PPPT was termed positive when a difference in 
tapping sound between the right and the left patella was heard, or negative when 
2
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both sounds were identical. A blinded radiologist performed the evaluation of the 
X-rays. An additional CT was performed if the PPPT was positive whereas the X-ray 
was judged as no fracture. The medical ethical committee of MMC approved the 
study.
STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS Windows version 23 (Chicago, 
Illinois). Data were expressed as mean ± standard deviation if normally distributed, 
or as median and range if not. Sensitivity, specificity and the positive predictive 
and negative predictive value were calculated. The interobserver reliability was 
calculated using a Cohen’s kappa coefficient (interpretation of Kappa values ≤ 0 as 
indicating no agreement; 0.01–0.20 as none to slight; 0.21–0.40 as fair; 0.41– 0.60 
as moderate; 0.61–0.80 as substantial; and 0.81–1.00 as almost perfect agreement) 
[8, 9]. Multivariate logistic regression analysis was used to analyse predicting 
properties of standard physical examination as well as the PPPT for a hip or pelvic 
fracture. All significant univariate variables were entered in the multivariate logistic 
regression analyses. For all tests, P ≤ .05 was considered significant.
RESULTS
191 patients (male/female 61/130, median age 84 year, range 26-101) with 
suspected traumatic hip injuries were included during the 16-month study period. 
A total of 161 patients were diagnosed with a fracture (hip, n=142; pelvic, n=19). 
Patient characteristics are presented in Table 1. The PPPT demonstrated an 87% 
sensitivity and 55% specificity for hip fractures only (intra- and extracapsular, Table 
2). Regarding a hip or a pelvic fracture, sensitivity and specificity were 85% and 
70%, respectively with a 0.94 positive predictive value of and a 0.47 negative 
predictive value. The likelihood ratio for a positive test was 2.9 and for a negative 
test 0.2. The interobserver reliability was good (kappa 0.7). The PPPT did not 
distinguish displaced from occult fractures.
Eleven CT-scans were required as dictated by a positive PPPT (suspicion on a 
fracture) and a negative X-ray (no suspicion of a fracture). A total of 8 additional 
fractures were identified by these 11 scans (4%, 8/191). One intracapsular hip 
fracture was operated whereas the remaining 7 (6 pelvic fractures and 1 trochanteric 
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Table 1. Characteristics of patients undergoing a PPPT for suspected hip/pelvic fracture (n=191)
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avulsion fracture) were treated conservatively. Three additional CT scans were made 
although the PPPT was negative. Two were performed as the X-rays interpretations 
were doubted. The first CT diagnosed a pelvic fracture whereas the second 
identified an intracapsular hip fracture necessitating operation. A third CT scan was 
executed for extensive pain and inability to ambulate after hospital admittance and 
revealed a pubic fracture that was treated conservatively. 
In 17/191 (9%) of the cases, there was disagreement in PPPT findings between 
both observers. Interestingly, a hip or pelvic fracture was diagnosed in all these 
17 patients. In all false positive cases (n=9) there was agreement between both 
observers. In two of these 9 patients severe unilateral arthrosis was present.
Univariate analyses of standard physical examination tests showed that pain during 
axial loading, painful passive testing, an abnormal position of the leg and a positive 
PPPT test were significant predictors for hip fracture. All significant univariate 
variables including the PPPT and X-rays were entered in a multivariate logistic 
regression analyses and are presented in table 3. Passive painful testing and the 
PPPT results were significant predictors for pelvic or hip fractures. 
Table 2. PPPT characteristics in the diagnosis of hip fracture or hip/pelvic fracture 
PPT, Patellar Pubic Percussion Test; PPV, positive predicting value; NPV, 
negative predicting value.
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Table 3. Predictors for hip/pelvic fracture (multivariate regression analysis)
DISCUSSION
Aim of the present study was to investigate the role and strength of the PPPT to 
detect (occult) hip and pelvic fractures. For hip and pelvic fractures, the Patellar 
Pubic Percussion Test (PPPT) was found to have a 85% sensitivity of and a 70% 
specificity. The positive predictive value was 0.94. The PPPT performs optimal 
as a tool to diagnose a fracture. On the other hand, a negative PPPT does not 
necessarily exclude a fracture. The specificity was lower for hip fractures only, 
possibly because of an influence of a pelvic fracture on PPPT results. 
It may be questioned whether a PPPT has a role in modern day practice. There 
are no strong parameters physicians can rely on whether to decide an additional 
MRI or CT is necessary if a diagnosis is doubted following plain X-rays. Most likely 
this will be decided by physical examination, the patients ability to mobilize and 
pain presentation. The diagnostic algorithm presented in this study might help in 
the decision-making for additional radiologic examination. The PPPT is a validated, 
simple, cheap and bedside available test with satisfactory sensitivity, positive 
predictive value and interobserver variability. The PPPT may have a place in risk 
stratification for occult hip fractures and contributes to minimize the risk of missing 
diagnosis. An untreated hip fracture can lead to a considerable delay to surgery 
and suboptimal outcome, apart from medicolegal consequences [10-13]. We do 
acknowledge that in the case of a negative PPPT this does not exclude a fracture 
and a patient might still need further radiological examination. It depends on local 
protocol or resources whether an additional CT- or MRI scan is preferred. Although 
MRI is considered the gold standard for detecting occult hip fractures [14-16], CT 
has comparable reliability, is cheaper and more available in the acute setting [17-
19]. 
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One limitation of the PPPT is that the affected leg has to be compared to the 
unaffected leg. As a consequence, no reliable comparison can be made with 
contralateral prior knee or hip prosthesis / osteosynthesis, or if unilateral severe 
arthrosis is present. It is not unlikely that patients had a previous hip fracture since 
the incidence of recurrent hip fracture is 5-10% [20, 21]
Arthrosis affects bone conduction but is expected to occur bilaterally. In this study 
we found 2 cases of false positive PPPT due to severe unilateral arthrosis. However, 
the PPPT can be useful in most other patients. Other factors that could diminish 
sound conduction are obesity, local hematoma or oedema and could result in only 
subtle differences between both legs, suggesting that some training with the PPPT 
is preferable. 
A previous study on the PPPT showed a sensitivity of 96% and specificity of 85%, 
although these findings were based on 1 observer only . Blinding in our study was 
used at two different time point in the study. The PPPT was performed before X-rays 
were taken whereas the 2 observers performed the PPPT independently from each 
other. Moreover, the radiologist was blinded for the results of the PPPT as well. 
Nevertheless, total blinding was limited by the patient’s presentation whereas 
observer bias or estimator’s bias cannot be excluded. In 17/191 (9%) of cases, 
observers disagreed. A possible explanation for this relative high percentage is 
possibly related to the sometimes subtle differences in sound. 
Can a PTTT be useful in other clinical situations? In the pre-hospital setting, health 
care workers such as general practitioners or ambulance personnel may use the test 
to determine a possible pelvic or hip fracture. This has in turn implications for how 
to immobilize a patient or prepare the patient for transportation to the emergency 
ward. Furthermore, the PPPT could be useful in areas or in health care settings with 
scarce resources.
In conclusion, the PPPT is a sensitive bedside tool that clinicians should include 
in their physical examination toolbox. The PPPT can guide in decision making for 
additional radiological examinations in the case of expected occult fracture of the 
pelvis or hip. 
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Preoperative cardiac evaluation of geriatric 
patients with hip fracture
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ABSTRACT
Background: The American College of Cardiology (ACC) and the American Heart 
Association (AHA) have developed guidelines for perioperative assessment of 
patients in case of non-cardiac surgery. The aim of this study was to investigate 
if the preoperative cardiac evaluation of geriatric patients with hip fracture was in 
accordance with these guidelines and what the effects were on outcome.  
Methods: In a retrospective study 388 patients with hip fracture treated in the 
department of Trauma surgery of the Maastricht University Medical Center in the 
Netherlands. All patients were treated between 2003 and 2006 with two year follow-
up. The preoperative cardiac screening was analysed with respect to content and 
to which level this followed the ACC/AHA guidelines. These guidelines were used to 
classify cardiac risk into low, intermediate and high risk and related to the outcome 
measurements delay to surgery, perioperative complications and mortality. 
Results: According to the ACC/AHA guidelines 82% of patients received correct 
preoperative cardiac screening in the low vs. 46% in the intermediate and 86% in 
the high risk group. The most frequent reason for incorrect preoperative cardiac 
screening was overscreening (>95%). The delay to surgery increased by 9.9 
hours in the case of overscreening (p=0.03). A previous cardiac history was a 
significant risk factor for early mortality. Delay of >48 hours was associated with 
more cardiovascular complications and mortality both on univariate and multivariate 
analysis. 
Conclusion: Preoperative cardiac screening is frequently unnecessary after hip 
fracture, especially in patients with intermediate risk predictors and increases the 
delay to surgery. Delay of >48 hours was associated with more cardiovascular 
complications and mortality postoperatively. The implementation of the ACC/
AHA guidelines may prevent unnecessary cardiac consultations which reduces 
preoperative resources, delay to surgery and possibly decreases postoperative 
complications. 
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INTRODUCTION
Hip fractures are one of the most common orthopedic trauma causes leading to 
hospital admission in the elderly population and are associated with high morbidity 
and mortality rates. Treatment can sometimes be chosen conservatively but the 
majority of patients with hip fracture will undergo surgery. Because of advanced 
age and comorbidities, the surgical risk is increased. 
Cardiac events are responsible for 30-60% perioperative complications in non-
cardiac surgery and are the cause of postoperative mortality following non-cardiac 
surgery in more than 50% of patients [1, 2]. The overall incidence of perioperative 
myocardial ischemia in elderly patients undergoing hip fracture surgery has been 
reported to be 35–42% [3-6]. Previous studies indicated that the principal causes of 
in-hospital mortality after hip fracture were cardiac failure and myocardial infarction, 
which occurred early after the fracture [7-13]. 
To evaluate preoperatively the risk of cardiac disease in non-cardiac surgery 
the American College of Cardiology (ACC) and the American Heart Association 
(AHA) have developed guidelines. According to the ACC/AHA guidelines hip 
surgery is considered as intermediate risk surgery [14]. The keypoint of these 
guidelines are summarized in an algorithm indicating the stepwise approach of 
patients using clinical predictors to identify their risk category. The purpose of 
preoperative evaluation (including both screening and cardiac consultation) by this 
approach is not to give medical clearance but rather to perform an evaluation of 
the patients current medical status and make recommendations concerning the risk 
assessment and management of cardiac problems over the entire perioperative 
period [14]. However, preoperative assessment may be time consuming and lead 
to unnecessary delay and should therefore be restricted to those with the potential 
to change patient management.
In order to investigate the application of these guidelines and its impact on the 
current daily practice of the management of patients with hip fractures this study 
was undertaken. Our hypothesis was that preoperative cardiac evaluation, when 
not recommended by the ACC/AHA guidelines (overscreening), lead to increased 
delay to surgery with an increased rate of complicated outcome. 
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MATERIALS AND METHODS
STUDY POPULATION
This retrospective study was conducted in the department of Trauma surgery in the 
Maastricht University Medical Center in the Netherlands, a level 1 trauma center. 
From 1st of January 2003 till 31st of December 2006 all patients treated for hip 
fracture were included with a two-year follow-up. We selected all patients aged 65 
and above. Polytrauma patients, patients with pathological hip fractures and patients 
treated with a total hip arthroplasty were excluded. Patients with a malignancy in 
their history were not excluded. All patients were operated by the department of 
trauma surgery using a protocolised treatment algorithm regarding hip replacement 
or internal fixation. All medical records were evaluated for the following content: 
patient characteristics, fracture type, type of arthroplasty or fracture fixation, delay 
to surgery, cardiac risk factors, preoperative assessment, cardiac consultations 
and their content, postoperative complications, mortality and the use of blood 
transfusions. Death certificates were obtained from the National population register.
PREOPERATIVE CARDIAC EVALUATION
Standard workup after admission to the emergency department consisted of a 
detailed history, a complete physical examination, an electrocardiography and 
standard biochemical and hematologic tests. The anesthesiologist conducted 
a preoperative consultation and decided whether a cardiac consultation was 
necessary. This decision was not protocolized or following ACC/AHA guidelines 
and depended on the attending physician. Our main goal was to evaluate the 
preoperative cardiac evaluation, using the algorithm proposed in the ACC/AHA 
guidelines. All patients were retrospectively screened according to these guidelines. 
The preoperative assessment was compared with the advised preoperative 
treatment according to the guidelines. In this study there is a difference between 
the terms ‘cardiac screening’ and ‘cardiac consultation’. Screening accounts for the 
risk assessment of all patients divided into three different risk categories (Table 1). 
‘Correctly screened’ accounts for those patients who were operated without cardiac 
consultation with a stable cardiac situation or in the absence of a cardiac history, 
or patients who received a cardiac consultation when necessary according to the 
guidelines. We distinguished two possibilities for preoperative cardiac screening that 
was not in line with the guidelines: under- and overscreening. Cardiac consultation 
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accounts only for the patients who were evaluated by a cardiologist after screening. 
We analysed the preoperative cardiac consultations and their content. Correct 
cardiac consultations were executed in accordance with the guidelines and the 
content was sufficient in relation with the patient’s medical condition. For example 
when non-invasive testing was advised but not performed this was scored as ‘not 
correct’. 
Secondary outcome measurements were delay to surgery and overscreening as a 
risk factor for delay to surgery. Furthermore, we scored perioperative complications 
and death. We analyzed the complication rates in relation with delay to surgery. The 
mortality rates were determined as in-hospital and after 30-day, 1-year and 2-years. 
Table 1. The American College of Cardiology/American Heart Association clinical predictors
STATISTICAL ANALYSIS
All analyses were performed with SPSS 16.0 statistical software for windows (SPSS 
Inc., Chicago, Illinois, USA). P<0.05 was considered to be statistically significant. 
Data were presented as mean for normally distributed or median when non-
normally distributed variables. Percentages were used when appropriate. One-way 
ANOVA was used to compare normally distributed and the Mann Whitney U-test 
for non-normally distributed continuous variables with Bonferroni correction for 
multiple testing. A Pearsons chi-square test (X2) was used to investigate whether 
distributions of categorical variables differed from one another. We used a Kaplan-
Meier survival curve to investigate the mortality rates for each of the cardiac risk 
groups, comparing outcome using log rank analysis. Univariate analysis of the 
postoperative complications was performed to identify predictors for mortality. All 
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important variables for mortality were entered in a multivariate logistic regression 
analysis.
RESULTS
388 patients were eligible for inclusion and analyzed. Of 9 patients time to surgery 
could not be calculated accurately. In 1% (4/388) of patients follow-up after 
discharge could not be obtained because they lived abroad. These data were 
regarded as missing data, were other available data of these patients were still 
used in other analysis. Table 2 shows the patient and operation characteristics. 
46% (178/388) of the patients had a cardiac history, which did not necessarily 
mean active cardiac conditions. In total 10% (37/388) of patients were predicted 
to have a high perioperative complication risk (high risk group), 29% (113/388) 
an intermediate risk and 61% (238/388) a low risk using the ACC/AHA clinical 
predictors (Table 1).
PREOPERATIVE CARDIAC EVALUATION
According to the guidelines 82% (195/238) in the low risk group and 86% (32/37) in 
the high risk group received correct preoperative cardiac screening in comparison 
with 46% (52/113) in the intermediate risk group (p<0.001, low and high risk in 
comparison with intermediate risk). Of all patients 28% (109/388) did not receive the 
correct preoperative screening. The main reason was overscreening in 95% of the 
cases (104/109) and underscreening in 5% of the cases (5/109).
In total 38% (147/388) of patients received a cardiac consultation after screening 
of which 2% (1/44) in the low risk group, 12% (8/66)  in the intermediate and 86% 
(32/37) in the high risk group were in accordance with the guidelines (p<0.001, 
for low and intermediate risk in comparison with high risk). One of the reasons for 
a cardiac consultation in the low risk group was a heart murmur without clinical 
symptoms that was further investigated by a cardiologist.   
DELAY
The median delay to surgery was respectively 20, 24 and 32 hours for the low, 
intermediate and high risk group. (p=0.01, low risk in comparison with high risk). 
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The total mean increase of delay between non-overscreening vs. overscreening 
was 9.9 hrs (p=0.03). The mean delay to surgery increased by 8.0 hours when 
patients had a cardiac consultation (p=0.001). Multivariate analysis showed a 
cardiac consultation as a significant factor for increased delay to surgery, while 
age, sex, a cardiac history and preoperative mobility were not influencing delay to 
surgery.
COMPLICATIONS
The postoperative complications are shown in table 3. A delay of more than 48 
Table 2. Patient and operation characteristics
aMedian: for non-normally distributed variable. * Significant difference in compare with low risk 
group, p<0.05. ** Significant difference in compare with intermediate risk group, p<0.05.
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hours resulted in significantly more cardiovascular complications (p<0.001, table 
4) and increased risk of in-hospital mortality (RR 3.4, 95% CI 1.2-9.7; p=0.02) and 
30-day mortality (RR 2.7, 95% CI 1.2-6.1; p=0.02). A delay of more than 24 hours 
was not associated with a significantly increased mortality rate. 
In addition, there were significantly more respiratory and cardiovascular 
complications in the high and intermediate risk group in comparison with the low 
risk group. This was related with a significantly higher risk for in-hospital mortality. 
Pulmonary complications (RR 10.9, 95% CI 4.6-26; p=0.001), and cardiovascular 
complications (RR 13.4, 95% CI 5.7-31.7; p<0.001) were significant risk factors for in-
hospital mortality. Furthermore, a multivariate regression analysis for cardiovascular 
complications showed high age, cardiac history and delay >48 hours as significant 
risk factors. 
MORTALITY
The mortality rates are summarized in table 5. A Kaplan-Meier curve for survival 
was made with a follow up of 24 months in figure 1 (lost to follow-up after discharge 
1% (4/388)). The mortality rates increased with the cardiac risk category. This led to 
significantly higher mortality in high risk patients for the in-hospital, 30-day mortality 
and 2-year mortality in comparison with low risk patients. In-hospital mortality was 
due to cardiovascular complications in 61% of cases, followed by respiratory failure 
in 28% of cases and in 11% because of other reasons. 
A Cox multiple regression analysis for mortality for the complete follow-up period 
of 24 months showed a cardiac history, high age and male sex as significant risk 
factors. With linear regression analysis were risk factors for early and late mortality 
individually investigated (see table 6). A cardiac history and delay to surgery of >48 
hours were predictors for in-hospital mortality. A delay of >48 hours and high age 
were risk factors for 30-day mortality. Male sex and high age were risk factors for 
late mortality (1-year and 2-year mortality).
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Table 3. Complications
aPostoperative ileus, obstipation or extensive diarrhea. bRe-operation, luxation or deep infection 
of the arthroplasty or fracture fixation. Respiratory complications consist of pneumonia, 
pulmonary embolism and respiratory failure together. Cardiovascular complications consist 
of stroke, rhythm disorders, acute myocardial infarction (AMI) and cardiac failure. DVT = 
deep venous thrombosis. * Significant difference in compare with low risk group, p<0.05. 
** Significant difference in compare with intermediate risk group, p<0.05. The p-levels of the 
different cardiovascular complications in the high risk group in comparison with the low risk 
group are <0.001.
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Table 4. Cardiovascular complications in relation with delay to surgery
AMI, Acute Myocardial Infarction
Table 5. Mortality rates
Table 6. Regression analysis for mortality
* Significant difference between the high risk group and the low risk group, p<0.05; ** Significant 
difference between the high risk group and the intermediate risk group, p<0.05. 
*Variables entered in the logistic regression analysis
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DISCUSSION
The ACC/AHA guidelines are considered to be the standard of care for preoperative 
cardiac evaluation. The major conclusion of this study is that in daily practice 
preoperative cardiac evaluation in patients with a hip fracture is frequently not 
according to these guidelines, especially in patients with intermediate level of 
perioperative risk. This non-compliance increases the delay to surgery. Importantly, 
a delay of >48 hours was associated with more cardiovascular complications and 
mortality.  
A considerable percentage of patients in the low risk group and the high risk group 
were correctly screened preoperatively according to the guidelines compared to 
only 46% in the intermediate risk group. Apparently, the high and low risk patients 
are relatively easy to identify, of which the high risk patients usually receive an 
Figure 1. Kaplan Meier Survival curve . ACC/AHH risk categories; 1=High 
risk, 2=Intermediate risk, 3=Low risk
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adequate preoperative workup subsequently. However, the majority of patients 
belonged to the low and intermediate risk group. Especially, the intermediate group 
seems to represent the most problematic group with respect to the preoperative 
screening. A high number of patients in the intermediate risk group underwent 
time consuming cardiac consultations without the right indication. According to the 
ACC/AHA guidelines the patients who require noninvasive cardiac testing are those 
with active high risk cardiac conditions and those with intermediate risk clinical 
predictors combined with poor functional capacity. Whether a consultation is 
justified for patients in the intermediate risk is decided by their functional capacity, 
measured by metabolic equivalent of task (MET’s). The minimum is set at 4 MET’s 
indicating that a person is able to walk a few hundred meters on level ground at 
2-3 mph or do light work at the house. This is rather arbitrary and could be one 
of the reasons why cardiac evaluations are sometimes performed with the wrong 
indication. Siu et al. reported about the clinical dilemma for orthopedic surgeons to 
carefully assess hip fracture patients and identify those patients that require further 
cardiac evaluation. The result was an adapted 3-step clinical protocol based on the 
ACC/AHA recommendations, tailored for the geriatric patient with hip fracture [15]. 
An implemented protocol like this could more efficiently filter the patients at risk and 
prepare the remainder patients for surgery. The flow chart is visualized in figure 2. 
Preoperative work up is not the only factor causing delay. Delay is multifactorial 
and system related factors such as unavailability of an operating room or team and 
trauma lists are contributory. A policy of prioritizing hip fracture patients for surgery 
should be pursued by concerning physicians. 
The main reason for incorrect preoperative cardiac screening was overscreening 
in 95% of the cases. In the low and intermediate risk category in total 92% 
(101/110) cardiac consultations were redundant according to the guidelines. In our 
department a cardiac history as such appeared to be a reason for requesting cardiac 
consultation, in contrast to the indications for a consultation in the guidelines. As a 
result, the recommendations by the cardiologists did not always lead to changes in 
patient management. Frequent conclusions or recommendations were formulated 
as ‘increased risk’ and ‘continue β-blockade treatment’.  More importantly, not only 
can incorrect preoperative cardiac evaluation lead to non-contributing measures, 
there have been indications that delay to surgery secondary to cardiac clearance 
is a risk factor for increased postoperative complications that is independent of a 
patients general medical condition[16]. The mean delay to surgery in this study 
increased by 8.0 hours when a cardiac consultation was performed. Although this 
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delay is partly explained by patients who needed further preoperative testing and 
stabilization, still more than two-third of these consultations were not indicated 
and therefore caused unnecessary delay. Bottle et al. found that delay to surgery 
is associated with an increased risk of death and that patients with a delayed 
procedure were much more likely to have one or more comorbidities. These 
findings suggest that comorbidities indeed affect management, including timing 
of surgery [17].  Charalambous et al. showed that obtaining echocardiograms can 
take considerable time in the absence of an agreed protocol with the cardiology 
department prioritizing patients with hip fractures [18]. A delay to surgery of more 
than 48 hours was related with an increased risk of cardiovascular complications 
in this study. 
A recent study from Vigoda et al. investigated a large group anesthesiologist residents 
and their decisions on preoperative cardiac evaluation in specific scenarios. Only 
half of the correct preoperative cardiac evaluations were in accordance with the 
ACC/AHA guidelines [19]. Together with the findings of this study this suggests that 
the guidelines should be more under attention to reach more awareness.
The mortality rates increased with the cardiac risk category. Patients with poor 
general health and multiple comorbidities are more likely to have worst outcome. 
A multivariate regression analysis for mortality showed a cardiac history and delay 
of more than 48 hours as risk factors for in-hospital mortality. This is in line with 
some large systematic reviews who report a beneficial effect of early surgery with a 
lower risk of death and lower rates of postoperative complications [20-23]. Whereas 
others concluded no association between mortality and timing of surgical repair 
[24, 25].
Previous identified risk factors for early mortality were high ASA score, high age, male 
sex, more than 3 comorbidities and a low mental status [26, 27]. In this study was a 
cardiac history a risk factor for in-hospital mortality. This association does not mean 
that a prior cardiac history as a single issue is a reason for preoperative cardiac 
consultation (which is in agreement with the ACC/AHA guidelines). The question 
to be answered in these cases is if the cardiac risk categorization is influenced 
by further preoperative testing. Furthermore, perioperative myocardial injury is 
common in elderly patients with hip fracture and frequently unrecognized clinically. 
Previous studies showed that postoperative myocardial damage, measured by 
elevated troponin I levels, is related to an increased number of post operative 
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cardiac events, frequently in the absence of previous history of coronary artery 
disease [3, 28, 29]. This makes additional preoperative testing in order to further 
recategorize patients into different risk groups besides the workup suggested by 
the ACC/AHA guidelines not effective.
A number of remarks must be made when interpreting these results. Regardless 
the completeness of the collected data and the high level of completed follow-
up, selection bias cannot be excluded because of the retrospective study design. 
Furthermore, the number of patients are relatively small for the individual risk 
groups, making the risk of type II error higher. Although the delay to surgery was 
clearly increased due to performance, this delay is multifactorial and system related 
factors were not included in our analysis.
In conclusion: the need for medical evaluation and stabilization before hip fracture 
surgery is essential and should be for each patient individually titrated according 
to the perioperative risk and take place in an efficient mode with attention for timing 
to surgery, in accordance with the ACC/AHA guidelines. The implementation of 
the ACC/AHA guidelines should be standard practice in every hospital and may 
have the potential to reduce preoperative resources and possibly decrease delay 
to surgery and early morbidity and mortality. 
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Cardiac overscreening hip fracture patients
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ABSTRACT
Background: The aim of this study was to prospectively investigate the adherence 
to the American College of Cardiology (ACC) and the American Heart Association 
(AHA) guidelines for perioperative assessment of patients with hip fracture in daily 
clinical practice and how this might affect outcome.
Methods: This prospective cohort study from Maastricht University Medical Centre 
included 166 hip fracture patients within a 3-year inclusion period. The preoperative 
cardiac screening and adherence to the ACC/AHA guideline were analysed. 
Cardiac risk was classified as low, intermediate and high risk. Secondary outcome 
measurements were delay to surgery, perioperative complications and in-hospital, 
30-day, 1-year and 2-year mortality.
Results: According to the ACC/AHA guideline 87% of patients received correct 
preoperative cardiac screening. The most important reason for incorrect 
preoperative cardiac screening was overscreening (>90%). Multivariate analysis 
showed that a cardiac consultation (p=0.003) and overscreening (p=0.02) as 
significant predictors for increased delay to surgery, while age, sex, previous cardiac 
history and preoperative mobility were not. High risk patients had in comparison 
with low risk patients a significantly higher relative risk ratio for in-hospital mortality 
(RR 6, 95% CI 2-17). Multivariate analysis showed that previous cardiac history 
and increased delay to surgery were predictors for early mortality. High age and 
previous cardiac history were risk factors for late mortality.
Conclusion: Preoperative cardiac screening for hip fracture patients in adherence 
to the ACC/AHA guideline is associated with a diminished use of preoperative 
resources. Overscreening leads to greater delay to surgery, which poses a risk for 
perioperative complications and early mortality. 
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INTRODUCTION
Hip fractures are one of the most common orthopaedic causes leading to hospital 
admission in the geriatric population and are associated with high morbidity 
and mortality rates [1]. All hip fracture patients receive preoperative screening 
for perioperative risk assessment, usually by the anesthesiologist. Preoperative 
screening includes often a preoperative cardiac consultation. The reason for this 
is not cardiac clearance, but cardiac risk assessment to determinate changes in 
perioperative patient management, including anaesthesia, pharmacological and 
perioperative monitoring [2]. Preoperative cardiac consultation in patients with hip 
fractures is often time consuming and may lead to delay to surgery. Early operative 
treatment within 24-48 hours is advocated to minimize the potential morbidity/
mortality associated with delay to surgery [3-5]. Therefore, extended cardiac 
evaluation should be restricted if it is unlikely to change perioperative patient 
management [6-9]. 
According to the American College of Cardiology and the American Heart Association 
(ACC/AHA) guidelines hip surgery is considered intermediate risk surgery, due to 
the quantity of hemodynamic stress it induces [2]. This means that major ischemic 
cardiac complications occur in less than 5% of the time. However, the overall 
incidence of perioperative myocardial ischemia in elderly patients undergoing hip 
fracture surgery has been reported to be 22–53% [10,11]. In addition, previous 
studies indicated that the principal causes of in-hospital death after hip fracture 
were cardiac failure and myocardial infarction, occurring early after the fracture 
[12,13]. 
To reduce the risk of perioperative cardiac events the ACC/AHA have developed 
guidelines for preoperative risk stratification and cardiac assessment. The keypoint 
of these guidelines are summarized in an algorithm indicating the stepwise 
approach of patients using clinical predictors to identify their cardiac risk category.
In this study we prospectively evaluated whether the routine preoperative screening 
of hip fracture patients as performed in our department is in accordance with the 
ACC/AHA guidelines and the consequences for daily practice in preoperative 
management and postoperative complications in a cohort of hip fracture patients. 
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MATERIALS AND METHODS
STUDY POPULATION
This prospective study was conducted in the Maastricht University Hospital in the 
Netherlands, a level 1 trauma centre. All patients with a hip fracture admitted to 
the emergency department were eligible for inclusion. During a 3-year period, 
patients of 65 years and above were included. After surgery there was a 2-year 
follow-up observation period or until death. Polytrauma patients, pathological hip 
fractures or patients with hip fractures who did not have surgery, were excluded. 
The department of trauma surgery and orthopaedic surgery used a protocolised 
treatment algorithm regarding hip replacement or internal fixation based on our 
National guidelines ‘Proximal femur fractures’, 2016 [14].  
At admission the following score forms were recorded: the ASA (American Society 
of Anesthesiologists) score for physical status [15], the Barthel index for pre-injury 
functional evaluation [16], Metabolic Equivalent of Task (MET) score for functional 
capacity [17], Mini Mental State Examination (MMSE) for cognitive impairment [18] 
and the Palmer & Parker score for mobility [19]. Furthermore, the preoperative 
cardiac workup was described on the evaluation form using the ACC/AHA guideline 
template. Standard workup after admission to the emergency room consisted of 
a detailed history, a complete physical examination, an electrocardiography and 
standard biochemical and hematologic tests. During preoperative screening the 
anesthesiologist decided whether a cardiac consultation was necessary. Extensive 
cardiac evaluation consisted of an evaluation of the patients performance state, 
medication review, assessment of the electrocardiogram, physical examination, an 
echocardiography on indication and advice was given regarding the cardiac risk in 
relation with the intended operation and recommendations on patient management 
in the perioperative period. The Maastricht Ethical committee approved the waiver 
of the requirement to obtain a signed consent form. All the questions and score 
forms were taken within the presence of a first-degree family member or sometimes 
legal representative in the case of dementia.
 
PRIMARY OUTCOME MEASUREMENTS  
Our main goal was to evaluate the preoperative cardiac evaluation in daily practice, 
using the algorithm proposed in the ACC/AHA guideline. Clinical predictors for each 
risk group are shown in Table 1. ‘Correctly screened’ accounts for those patients 
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who had surgery without cardiac consultation with a stable cardiac situation or in the 
absence of a cardiac history, or patients who received a cardiac consultation when 
indicated by the guideline. We defined two possibilities for preoperative cardiac 
screening that was not in line with the guidelines.  ‘Underscreening’ was defined 
as a cardiac consultation that was indicated by the guidelines, but not executed. 
In other terms: preoperative cardiac screening that fell short.  ‘Overscreening’ 
was defined as a cardiac consultation that was not indicated by the guideline, 
but still performed. In other terms: preoperative cardiac screening that was too 
extensively. Subsequently, the primary investigator (SM) analysed the content of 
the preoperative cardiac consultations in relation to the patient’s medical condition 
and discussed this with the research group and principal investigator (VE). These 
additional quality measures were taken to crosscheck our interpretations of the AC/
AHA guidelines.
Table 1. The American College of Cardiology/American Heart Association clinical predictors
SECONDARY OUTCOME MEASUREMENTS  
Secondary outcome measurements were delay to surgery, perioperative 
complications and early and late mortality. We analysed the complication rates in 
relation with delay to surgery. Mortality rates were recorded in-hospital and at 30-
day, 1-year and 2-year interval.
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STATISTICAL ANALYSIS
All analyses were performed with SPSS 23 statistical software for windows (SPSS 
Inc., Chicago, Illinois, USA). P<0.05 was considered to be statistically significant. 
Data were presented as mean with standard deviation (SD) or as percentages when 
appropriate. In case of non-normal distributed, data were presented as median with 
interquartile range (IR). One-way ANOVA were used to compare normally distributed 
and the Mann Whitney U-test for non-normally distributed continuous variables 
with Bonferroni correction for multiple testing. A Pearsons chi-square (χ2) test was 
used to investigate whether distributions of categorical variables differed from one 
another. We used a Kaplan-Meier survival curve to investigate the mortality rates 
for each of the cardiac risk groups, comparing outcome using log rank analysis. 
A univariate logistic analysis of the postoperative complications was performed to 
identify risk factors early mortality. All important variables from univariate analysis 
for mortality were entered in a multivariate regression analysis.
RESULTS
In the study period 166 consecutive patients were eligible for inclusion. Patient and 
operative characteristics are presented with the representative cardiac risk groups 
in table 2. There were no significant differences in preoperative status concerning 
ASA score, the Barthel index for functional evaluation, Metabolic Equivalent of Task 
(MET) score for functional capacity, Mini Mental State Examination (MMSE) for 
cognitive impairment and the Palmer & Parker score for mobility. 
In total 8% (13/166) of patients were predicted to have a high perioperative 
complication risk, 27% (45/166) an intermediate risk and 65% (108/166) a low 
risk. In 11 (6.6%) patient’s preoperative mobility scores could not be accurately 
determined at admittance due to cognitive impairment and unavailability of 
relatives to give correct information. These data were regarded as missing data, 
other available data of these patients were still used for analysis. There were no 
significant differences concerning operative characteristics between the cardiac 
risk groups (Table 2).
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Table 2.Patient and operation characteristics
ASA= American Society of Anesthesiologists score, range 1-6; Barthel Index score for functional capacity, 
range 0-20; Palmer and Parker score for mobility, range 0-9; MET= metabolic equivalent of task score 
for physical activity, range 0 - >10; MMSE= mini mental state examination score for measure cognitive 
impairment, range 0-30; IR= interquartile range in case of non-normal distributed data, R= range of data, 
minimum-maximum; SD= standard deviation, in case of normal distributed data.* Significant difference 
in compare with low risk group, p<0.05. ** Significant difference in compare with intermediate risk 
group, p<0.05. 
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PREOPERATIVE CARDIAC EVALUATION
According to the guideline 93% (100/108) in the low risk group, 76% (34/45) in the 
intermediate risk group and 85% (11/13) in the high risk group received correct 
preoperative cardiac screening (Table 3). Of all patients 13% (21/166) did not 
receive the correct preoperative screening. The main reason for this was due to 
overscreening in 90% of the cases (19/21); 59% (98/166) of the patients had a 
cardiovascular history, which did not necessarily imply active cardiac conditions. The 
chance to receive a cardiac consultation increased with the patient’s perioperative 
cardiac risk group assignment, 9%, 33% and 100% in the low, intermediate and 
high risk group respectively. We found no significant differences in outcome in the 
overscreening group vs correctly screened patients.
Table 3. Preoperative cardiac evaluations
§ in accordance with the ACC/AHA guidelines. * Significant difference in compare with low 
risk group, p<0.05. ** Significant difference in compare with intermediate risk group, p<0.05.
DELAY TO SURGERY
The median delay to surgery was 23 hours (IR 20), 23 hours (IR 17) and 31 hours 
(IR 46) for the low, intermediate and high risk group respectively. The mean 
delay to surgery increased by 9.0 hours (SD 25-44) when patients had a cardiac 
consultation (p=0.06). High risk patients received significantly more preoperative 
cardiac consultations and had more often a delay to surgery of >48 hours (p<0.005 
in comparison with the low risk an intermediate risk group). Multivariate analysis 
showed that a cardiac consultation (p=0.003) and overscreening (p=0.02) were 
significant risk factors for increased delay to surgery, while age, sex, preoperative 
cardiac history and preoperative mobility were not influencing delay to surgery. In 
univariate analysis patients with a delay to surgery of >48hr had significantly more 
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respiratory complications (p=0.04). In multivariate analysis an increased delay to 
surgery was an independent predictor for in-hospital mortality (p=0.03) and 30-day 
mortality (p=0.02) independent from cardiac risk category.
POSTOPERATIVE COMPLICATIONS
Postoperative complications are presented by cardiac risk group in table 4. 
Respiratory and cardiovascular complications occurred significantly more often in 
the high risk group in comparison with the intermediate and low risk group (p<0.02). 
This was related to a significantly higher risk for in-hospital death. Pulmonary 
complications (RR 37.95% CI 9-156; p<0.0001), and cardiovascular complications 
(RR 9.95% CI 3-24; p<0.0001) were significant risk factors for in-hospital mortality. 
In a multivariate analysis an increased delay to surgery was an independent 
risk factor for respiratory complications (p=0.009). Furthermore, a multivariate 
regression analysis for cardiovascular complications showed that a cardiac history 
was a significant risk factor, but not age, sex or delay to surgery (p=0.001).
MORTALITY
The mortality rates by cardiac risk group are summarized in table 5. A Kaplan-Meier 
curve for survival was made with a follow up of 24 months in figure 1 (lost to follow-up 
after discharge n=9). The mortality rates increased with the cardiac risk category. 
This led to significantly higher mortality in high risk patients for the in-hospital, 30-
day, 1-year and 2-year mortality in comparison with low risk patients. High risk 
patients had in comparison with low risk patients a relative risk ratio (RR) of 6 (95% 
CI 2-17) for in-hospital mortality, RR 5 (95% CI 2-12) for 30-day mortality, RR 2 (95% 
CI 1.3-4) for 1-year mortality and RR 2 (95% CI 2-4) for 2-year mortality. In-hospital 
mortality was due to cardiovascular complications in 50% of cases, followed by 
respiratory failure in 36% of cases and in 14% because of other reasons. 
Mortality rates in relation with a prior cardiac history are presented in table 6. These 
results show that a previous cardiac history is related with >3.5 fold higher early 
mortality, or >1.7 fold higher late mortality in comparison with no previous cardiac 
history. 
A Cox multiple regression analysis for mortality for the complete follow-up period 
of 24 months showed that high age was the only significant risk factor. With linear 
regression analysis we studied potential risk factors for early and late mortality (see 
4
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a Postoperative ileus, extensive diarrhea, ischemia. b Re-operation, luxation or deep infection of 
the arthroplasty or fracture fixation. Respiratory complications consist of pneumonia, pulmonary 
embolism and respiratory failure together. Cardiovascular complications consist of stroke, rhythm 
disorders, acute myocardial infarction (AMI) and cardiac failure. IR= interquartile range in case 
of non-normal distributed data, R= range of data, minimum-maximum. * Significant difference in 
compare with low risk group, p<0.05. ** Significant difference in compare with intermediate risk 
group, p<0.05. 
Table 4. Complications
table 7). A cardiac history and increased delay to surgery were predictors for early 
mortality (in-hospital and 30-day). A high age and a cardiac history were found risk 
factors for late mortality. 
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Table 5. Mortality rates
Figure 1. Survival Curve
ACC/AHH risk categories; 1=High risk, 2= ntermediate risk, 3=Low risk
 * Significant difference in compare with low risk group, p<0.05. ** Significant 
difference in compare with intermediate risk group, p<0.05.
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Table 6. Mortality rates in relation with prior cardiac history
p<0.05 is considered statistically significant
Table 7. Regression analysis for mortality
p<0.05 is considered statistically significant
DISCUSSION
In this prospective cohort study 87% of patients received preoperative cardiac 
screening in adherence to the ACC/AHA guideline. The most frequent reason 
for incorrect preoperative cardiac screening was overscreening (>90%). High 
risk patients received significantly more preoperative cardiac consultations and 
experienced more often a delay to surgery of >48 hours. Multivariate analysis 
showed that a cardiac consultation and overscreening are significant predictors 
for increased delay to surgery, while age, sex, a previous cardiac history and 
preoperative mobility were not. Early mortality (in-hospital and 30-day) was 
determined by a previous cardiac history and increased delay to surgery. High age 
and a previous cardiac history were predictors for late mortality.  
Preoperative cardiac screening for hip fracture patients has been subject to debate 
between surgeons and anesthesiologists. Therefore, the ACC/AHA provides 
guidelines for preoperative cardiac screening to minimize the risk for perioperative 
cardiac complications and preventing overuse of medical resources. High risk 
patients might benefit from delaying hip fracture surgery to optimize or stabilizing the 
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 89
89
cardiac comorbidities. Nevertheless, delaying surgery with a cardiac consultation 
that is not recommended or contributing could lead to worse outcome. Cardiac 
consultations increase delay to surgery, which is confirmed by several other 
studies [20,7]. However, in this study, no significant differences in postoperative 
complications in the overscreening group vs correctly screened patients were 
found, which may be due to a small sample size. Another important issue is the 
content of cardiac consultations. Consultations are frequently limited to a statement 
of the increased surgical risk and make general recommendations concerning fluid 
balance, maintaining hemoglobin levels and continuing beta-blocker medication. 
Stitgen et al showed that 85% of patients were correctly screened according to the 
ACC/AHA guideline [6]. In our previous retrospective study on this matter (n=388), 
we demonstrated 72% correctly screened patients [7] vs 87% in this study. The 
number of cardiac consultations has dropped to 23% in this study vs. 38% in 
our previous study. In addition, we found a marked decline in patients who were 
overscreened: 13% vs. 27% in our previous study. The most profound findings 
were in the intermediate risk group, where 24% of patients were not screened in 
accordance to the guidelines vs 54% in our previous study. The reason for incorrect 
preoperative cardiac screening in both our studies remained in >90% of cases 
due to overscreening. We consider increased awareness of surgeons as well as 
anesthesiologists of the ACC/AHA guidelines and a reduced incidence of instant 
cardiac consultations requested by the physician at the emergency department 
for cardiac clearance are contributing to these findings. Sometimes the goal of 
preoperative screening seems to be to strive for ‘cardiac clearance’, some sort of 
cardiac approval that must be obtained before operation. 
According to ACC/AHA guideline patients who require noninvasive cardiac testing 
are those with active high risk cardiac conditions and those with intermediate risk 
clinical predictors combined with poor functional capacity. Whether a consultation 
is justified for patients in the intermediate risk group is decided by their functional 
capacity, measured by metabolic equivalent of task (MET’s), which is rather 
arbitrary. Currently, there exist no other clinical screening tools to identify those 
patients who need a cardiac consultation prior to hip fracture surgery. 
It has been suggested to routinely perform an echocardiography in elderly 
patients with hip fractures [21]. Some authors have reported a benefit of routine 
echocardiography on mortality after hip fracture surgery [22], where others have 
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not [23,24]. Screening all hip fracture patients with transthoracic echocardiography 
(TTE) identified in 8% of patients significant aortic stenosis. Conversely severe aortic 
stenosis is no contraindication for surgery and does not influence early mortality 
[25,26]. Another study found that preoperative TTE lead to an increased delay to 
surgery [9]. Delay to surgery is associated with worse outcome after hip fracture 
surgery [27,5,28,29,23,30]. Furthermore, TTE screening has cost implications, as 
this needs to be a continuously available service. There are no recommendations 
available from randomized controlled trials on the use of TTE screening in a hip 
fracture population. One retrospective matched-control study showed lower 
postoperative and 1-year mortality rates after focused TTE screening in a hip 
fracture population [22]. Unclear is whether these patients were only intermediate 
risk patients or also high risk patients and what their functional capacity was. 
Screening patients with a high chance of pathology is more logical than screening 
all hip fracture patients, therefore in the low risk group is TTE screening probably 
not useful and secondly not indicated by the ACC/AHA guideline. 
A preoperative cardiac consultation rarely affects surgical management, but 
may influence anesthesiologic management, especially cardiovascular and fluid 
management after non-invasive testing with TTE in high risk or intermediate risk 
patients with low METs. The ACC/AHA guidelines recommendation is level B 
evidence and is merely based on dobutamine stress echocardiography which 
is rarely used in the hip fracture population. Instead, bedside echocardiography 
without stress testing is performed to report on global cardiac and valvular 
function and volume status. The guideline states that non-invasive cardiac testing 
is reasonable for intermediate risk patients with <4 METs if it will change patient 
management. As a result of this, TTE is probably most frequently overused in the 
intermediate risk group. Other indications for preoperative TTE are new developed 
dyspnoea without known aetiology or decompensated heart failure [31]. A study 
showed that TTE in accordance with the ACC/AHA guideline in only 14% of patients 
revealed disease with the potential to modify anesthesia or medical management 
[32]. If non-invasive cardiac testing like TTE prior to surgery is indicated, this should 
be performed without delay to surgery. 
Not every form of anesthesia is equally suitable for every geriatric patient [33]. 
To improve outcome of high risk patients, some intraoperative strategies were 
studied in literature. Continuous spinal anesthesia (CSA), with (minimally invasive) 
hemodynamic monitoring is suggested as alternative anesthesia in the case of 
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severe aortic stenosis with minimal hemodynamic changes intraoperatively in hip 
fracture patients [34,35]. CSA compared with combined spinal epidural anesthesia 
(CSE) showed better sensory blockade level and lower hemodynamic changes in 
240 patients following major orthopaedic surgery [36]. According to a Cochrane 
systematic review, other advanced hemodynamic monitoring strategies, such as 
esophageal Doppler monitoring, goal-directed hemodynamic treatment (with LiDCO 
monitor) or Swan Ganz pulmonary-artery catheter in comparison with standard care 
and conventional fluid management did not show improvement on postoperative 
outcome after hip fracture surgery [37].
Respiratory and cardiovascular complications occurred significantly more often in 
the high risk group in comparison with the intermediate and low risk group and 
increased the risk for in-hospital death 5-fold to a 30-day mortality rate of 31%. 
Another study found that pneumonia and heart failure after hip fracture surgery 
lead to a mortality rate of 43% and 65% respectively [38]. Three or more co-
morbidities, respiratory disease and malignancy were preoperative variables that 
were significantly related to increased 30-day mortality. In a multivariate regression 
analysis, we showed that a previous cardiac history was a predictor for early and 
late mortality. The increased early mortality in the cardiac history group, could be 
explained by postoperative respiratory and cardiovascular complications and the 
increased late mortality could be explained by the effect of comorbidity on the 
long-term. We did not examine whether patients with a cardiac history had equal 
recovery chances compared to patients without a cardiac history. Mortality after hip 
fracture remains high and extremely high for high risk patients. Hip fractures are 
associated with an in-hospital mortality rate of 7–14%, reaching up to 36% within 
1 year of surgery [39-41,7,42,43]. Over the past 3 decades, mortality rates after 
hip fracture surgery hardly changed. 1-year mortality for intertrochanteric fractures 
remained about 23% after 1999 [44]. Although a steady decrease was found in the 
UK were 11% 30-day mortality in 2003 decreased to 8% in 2013 [45]. A combined 
number of improvements of care, including the implementation of fast-track care 
pathways, input from orthogeriatricians, quick patient medical optimization, early 
surgery and advanced rehabilitation protocols have contributed to this [33,45].
In conclusion, preoperative cardiac screening in adherence to the ACC/
AHA guideline is associated with a diminished use of preoperative resources. 
Overscreening leads to greater delay to surgery, which poses a risk for perioperative 
complications and early mortality. 
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CHAPTER  5
Effect of blood transfusion on survival after 
hip fracture surgery
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ABSTRACT
Background: Our primary goal was to audit the incidence of erythrocyte blood 
transfusion (EBT) after hip fracture surgery and study the effects on perioperative 
complications and early and late mortality. 
Methods: In a retrospective cohort study all patients 65 years old and above treated 
operatively for an acute hip fracture were included over a 48-month period with a 
two-year follow-up period. Postoperative hemoglobin levels were used to investigate 
at what threshold EBT was used. The relation between EBT and perioperative 
complications and survival was analysed with multivariate regression analysis. A 
propensity score for predicting the chance of receiving an EBT was calculated and 
used to differentiate between transfusion being a risk factor for mortality and other 
related confounding risk factors. Mortality was subdivided as in-hospital, 30-day, 
1- and 2-year mortality.  
Results: Of the 388 included patients, 41% received a blood transfusion. The 
postoperative hemoglobin level was the strongest predictor for EBT. Patients 
who received EBT had a significant longer hospital stay and more postoperative 
cardiac complications, even after adjustment for confounders. Multivariate analysis 
for mortality showed that EBT was a significant risk factor for early as well as late 
mortality, but after adding the propensity score, EBT was no longer associated with 
increased mortality. 
Conclusion: There was no effect of EBT on mortality after correction with propensity 
scoring for predictors of EBT. Transfusion in patients treated operatively for 
hip fracture should be evenly matched with their cardiovascular risk during the 
perioperative phase.
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INTRODUCTION
Anemia is very prevalent in patients undergoing surgery for an acute hip fracture 
(39-69%) [1-6]. Anemia occurs as a result of the trauma, the surgery and can be pre-
existing in the elderly population. Anemia causes hemodynamic stress, an increased 
cardiac demand and potential tissue hypoxia in the elderly patients with hip fracture 
[7-10]. Especially those patients with a pre-existing cardiac disease are at risk 
[11]. The incidence of troponin elevation after emergency orthopaedic operations 
varies between 22% and 52.9% [12]. In this context anemia might contribute to 
the high morbidity and mortality rates after hip surgery. Furthermore, anemia is an 
independent risk factor for patients not being able to walk postoperatively [2]. 
Perioperative anemia is mostly treated by erythrocyte blood transfusions (EBT) 
in order to prevent the postoperative morbidity and mortality. However, there is 
conflicting data concerning the effect of EBT on the morbidity and mortality in 
patients with acute hip fractures. Engoren et al. found that allogeneic erythrocyte 
blood transfusions are associated with an increased long-term mortality (>90 
days up to 2 years) after hip fracture surgery [1]. In addition, increased risk of 
postoperative infections including pneumonia, delirium, short-term mortality, length 
of hospital stay and systemic inflammatory response syndrome in patients receiving 
blood transfusion(s) were reported [4, 13-17]. In contrast, other studies suggest 
that EBT improve short-term functional outcomes [18-21] and prevents delirium in 
frail elderly [22, 23]. 
Another study demonstrated that a restrictive transfusion policy lead to increased 
cardiovascular events and increased mortality rates [24], although a liberal 
transfusion trigger did not result in increased ambulation scores or decreased 
rehabilitation potential. Finally, Carson et al. demonstrated that a liberal transfusion 
policy was not associated with a lower postoperative morbidity and mortality when 
compared to a more restrictive transfusion policy in a hip fracture population [25]. 
Whether EBT is an independent risk factor for the development of postoperative 
morbidity and mortality besides the clinical factors for giving EBT remains to be seen. 
Vuille-Lessard et al. found that physicians mostly base their decision to transfuse on 
the hemoglobin concentration and that characteristics of the patients are minimally 
considered [26], although high age, male sex and postoperative hemoglobin levels 
are other identified predictors for EBT after hip surgery [5, 27, 28]. 
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The aim of this study was to audit the incidence and predictors of receiving a 
blood transfusion after hip fracture surgery and to investigate the use of blood 
transfusion as an independent factor on morbidity and mortality. The hypothesis 
tested in this study was that EBT is not an independent risk factor for morbidity and 
mortality in patients undergoing surgery for hip fracture, but anemia and underlying 
cardiovascular disorders are determining the outcome.
METHODS
STUDY POPULATION
This retrospective study was conducted in the Maastricht University Medical Center 
in the Netherlands, a level 1 trauma center. All patients from age 65 or above treated 
operatively for hip fracture were included over a 48-month period. Patients with 
polytrauma, pathological fractures and patients treated with a total hip arthroplasty 
were excluded. Patients with a malignancy in their history were not excluded. All 
patients were operated by the department of trauma surgery using a protocolised 
treatment algorithm regarding internal fixation (and hip replacement). Duration of 
follow-up was 2 years. Approval for the study was granted by the Ethical Committee 
of the Maastricht University Medical Center with a waiver for the need of informed 
consent.
STUDY VARIABLES AND OUTCOME MEASUREMENTS
All medical records were evaluated for the following content: patient characteristics, 
fracture type, type of fracture fixation, operation time, delay to surgery, cardiovascular 
risk factors, preoperative laboratory results, postoperative hemoglobin levels, 
the use and amount of blood transfusion products, causes of perioperative and 
postoperative blood loss, postoperative complications and death. 
The general transfusion protocol for patients with a cardiac history was to transfuse 
for hemoglobin levels <10 g/dl, for elderly without a cardiac history at <8 g/dl. The 
decision to transfuse was made by the attending physician. Death certificates were 
obtained from the National population register. 
Our primary goal was to investigate the association of receiving an EBT and 
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morbidity and mortality after hip fracture surgery. Mortality rates were determined 
as early in-hospital, 30-day mortality, 1-year and 2-year mortality. Death certificates 
from the National population register were collected to study postoperative mortality 
after hospital discharge. To analyse the correlation between cardiac morbidity 
and EBT, the American College of Cardiology (ACC) and the American Heart 
Association (AHA) guidelines for perioperative cardiac assessment were used to 
classify patients cardiac risk into low, intermediate and high risk by clinical risk 
predictors [29]. We hypothesized that patients with increased cardiac risk would 
receive more EBT. 
STATISTICAL ANALYSIS
All analyses were performed with SPSS 23 statistical software (SPSS Inc., Chicago, 
Illinois, USA). P<0.05 was considered to be statistically significant. One-way 
ANOVA were used to compare normally distributed and the Mann Whitney U-test 
for non-normally distributed continuous variables with Bonferroni correction for 
multiple testing. A Pearsons chi-square test (X2) was used to investigate whether 
distributions of categorical variables differed from one another. A univariate logistic 
analysis was performed to identify risk factors for EBT. The likelihood of receiving 
EBT was calculated with the help of propensity scoring, by logistic regression. The 
propensity score was used to differentiate between transfusion being a risk factor for 
mortality and the risk factors for predicting transfusion being predictors for mortality 
itself.  The propensity score was based on all univariate variables significantly 
associated with transfusion: age, postoperative hemoglobin and fracture type. 
To identify possible risk factors for mortality we used a univariate logistic analysis. A 
Cox regression analysis was used to determine which regression curve summarizes 
the best (goodness of fit for the regression curve is represented by R2). One model 
was composed with all covariates entered at once (model 1) and one with all the 
covariates including the propensity score (model 2). 
RESULTS
In the study 388 patients were eligible for inclusion and analyzed. Of these patients, 
complete data could be collected in 97% of patients. Of 9 (2%) patients time to 
surgery could not be calculated accurately. Of 4 (1%) patients who lived abroad, 
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follow-up after discharge could not be obtained. These data were regarded as 
missing data, but other available data of these patients were still used in other 
analysis. 
Table 1 shows the patient and operation characteristics. 41% of patients received 
a blood transfusion. The transfusion group was significant older in compare with 
patients who did not receive blood transfusion (84 vs 81 years). There was no 
difference in sex distribution or cardiovascular comorbidity. There were significantly 
more intracapsular fractures in the non-transfused group. Transfusion was 
associated with a longer hospital stay (12 vs 10 days). 
The median number of blood transfusion was 2.0 with a median postoperative 
hemoglobin level of 7.7 g/dl. The median postoperative hemoglobin level in the 
non-transfused group was significantly higher (10.0 g/dl, p<0.001). Postoperative 
hemoglobin levels were strongly associated with use of EBT (both in univariate as 
in multivariate analysis p<0.001). Other factors associated with transfusion were 
high age and intracapsular fractures. Sex, a cardiac history, delay to surgery, 
and operation time were not associated with EBT. Multivariate analysis showed 
postoperative hemoglobin level, a cardiac history and delay to surgery >48hr as 
significant risk factors for in-hospital mortality (P<0.01). Postoperative anemia 
remained a predictor for 30-day, 1- and 2-year mortality, both in univariate as in 
multivariate analysis. 
CARDIAC RISK
A cardiac history was present in 45.4% of patients. In total 37 patients were 
predicted to have a high perioperative complication risk, 113 an intermediate risk 
and 238 a low risk using the ACC/AHA guidelines. Patients with high cardiac risk 
did not receive more transfusions than patients with intermediate (p= 0.08) or low 
cardiac risk (p= 0.06) although there seems to be a trend. High risk patients had 
significant more cardiovascular complications after surgery and risk of mortality.
EBT AND MORBIDITY
Patients who received EBT were at risk for postoperative complications (see table 
2): delirium (RR 1.5 95% CI 1.2 - 2.0; p=0.002), gastrointestinal bleeding (RR 14 
95% CI 1.9 - 110.0; p=0.001), respiratory complications (RR 2.4 95% CI 1.3 – 4.4; 
p=0.004) and cardiovascular complications (RR 3.8, 95% CI 1.9 – 8.0; p<0.001). 
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Table 1. Patient and operation characteristics
SD, standard deviation; IQR, Interquartile range; EBT, Erythrocyte Blood Transfusion. *P-value, 
significant for p<0.05 by univarite analyes between EBT and no EBT. 
Even after correction for sex, age, fracture type, delay to surgery, cardiac history 
and postoperative hemoglobin levels did patients with EBT experience more 
cardiovascular complications. There was no dose-effect found between number of 
transfused units and morbidity or mortality when divided in 3 groups: 1-2, 3-4 or >4 
transfused units.
EBT AND MORTALITY
A univariate analysis for in-hospital, 30-day, 1- and 2-year mortality showed that 
sex, age, a delay to surgery of >48hour, a cardiac history and the use of blood 
transfusion were significant risk factors. These variables were entered in a Cox-
regression model (model 1) with 24 months of follow-up. Sex, age, delay to surgery 
>48hour and EBT were significant risk factors for mortality (see table 3). After 
adding the propensity score as a variable in the model (model 2), EBT was no 
longer significant. 38% (149/388) of patients were dead at 2-year follow-up. 50% 
(75/149) of the deceased patients received EBT compared to 36% (85/239) who 
survived (p=0.001). Sex and age were found the only predictors for mortality within 
2 years. 
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Table 2. Complications and mortality
EBT, Erythrocyte Blood Transfusion. # Respiratory complications consist of pneumonia, 
pulmonary embolism and respiratory failure together. † Cardiovascular complications consist of 
stroke, rhythm disorders, acute myocardial infarction and cardiac failure. DVT = deep venous 
thrombosis. * P-value, significant for p<0.05; by univariate analyses between EBT and no EBT 
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Table 3. Cox-regression model for mortality
* Model 1: all significant covariates for mortality entered in Cox regression analysis. # Model 2: all 
covariates including the propensity score. Exp(B) = exponentiation of the B coefficient, an odds ratio. 
95% CI = 95% confidence interval. P-value, significant for p<0.05
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DISCUSSION
The hypothesis tested in this study was that the use of erythrocyte blood transfusion 
(EBT) in patients treated operatively for hip fracture is not a risk factor for mortality 
but depends primarily on the effects of anemia and underlying cardiovascular 
disorders. We found that 41% of patients with hip fracture received EBT. Our 
hospital practiced a liberal transfusion policy to transfuse elderly patients with a 
cardiac history (aimed at >10 g/dL). Despite this, no differences existed in the 
frequency of EBT administered when patients were classified into low, intermediate 
and high cardiac risk. This study demonstrated that EBT is frequently used during 
the treatment of acute anemia after hip fracture surgery. The association of EBT on 
postoperative mortality was no longer present after correction with the propensity 
score for receiving a transfusion. However, EBT remained an independent risk for 
perioperative cardiac morbidity. 
This is in contradiction with the results of Engoren et al. who used propensity 
matching and found a significantly increased relative risk of 3.8 (95% CI 1.2-11.6) 
for EBT on mortality [1]. In our study we used the propensity score for receiving EBT 
as a variable in our Cox model in attempt to correct for the chance of receiving EBT 
instead of adding to many individual variables in the model. Another study showed 
that risk of mortality after EBT was significantly higher when the preoperative 
hemoglobin level was 10 g/dL or less in patients with pre-existent cardiovascular 
disease [30]. Patients with low hemoglobin levels are more likely to suffer from 
cardiac complications in case of pre-existent cardiac comorbidity [11]. 
A review from Potter et al. on preoperative anemia and EBT in hip fracture patients 
showed that anemia on hospital admission was associated with increased mortality, 
relative risk 1.64 (95% CI 1.47–1.82), p < 0.0001 in >13.000 patients [31]. There 
was no association between postoperative transfusion and mortality after adjusting 
for covariates. These findings suggest that anemia seems to play a more important 
role than EBT itself. This is exactly why we corrected our data with the use of the 
propensity score for the chance of receiving EBT. 
In our study, EBT remained an independent risk for perioperative cardiac morbidity 
after correction for confounders. In a large RCT from Carson et al., the rates of in-
hospital acute coronary syndrome or death were 4.3% and 5.2%, in the liberal and 
restrictive transfusion group respectively (absolute risk difference, −0.9%; 99% CI, 
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−3.3 to 1.6) [25]. In Potters review transfusion at 80 g/dl vs 100 g/dl increased acute 
myocardial infarction, with a relative risk of 1.67 (95% CI 1.01–2.77), although with 
p = 0.05 and a 97.5% weight of Carson’s study [25]. No strong conclusions can be 
drawn. 
The TRIFE trial showed comparable findings between liberal and restrictive blood 
transfusion protocols after hip fracture surgery but subgroup analyses for frail 
elderly in nursing homes showed that this group could benefit from a more liberal 
transfusion. Post-hoc analyses showed furthermore a reduced risk for postoperative 
delirium for the liberal transfusion group. Development of delirium on day 10 
postoperatively after hip fracture surgery increased the risk of 90-day death, hazard 
ratio 3.14 (95 % CI 1.72-5.78, p < 0.001) [32].
A number of remarks must be made when interpreting the results of this study. 
Selection bias cannot be excluded because of the retrospective study design. It 
is possible that other contributing risk factors were not identified in this study and 
therefore not taken into account in the analyses. A limitation of propensity matching 
is that a variable that affects treatment assignment but not outcome is analysed the 
same as a variable that affects treatment assignment and has a strong relationship 
to outcome as well [33]. This suggests that risk factors for transfusion are predictors 
for mortality itself. And indeed, age and postoperative hemoglobin levels were 
associated with early as well as late mortality. We found no association between 
mortality and fracture type. Another study found no effect of EBT on mortality after hip 
fracture surgery when corrected for age, male sex, residential status, preoperative 
hemoglobin level, mobility score, and American Society of Anesthesiologists score 
[18]. 
The mechanisms by which blood transfusion might worsen outcomes are unknown. 
There is evidence that the storage time of erythrocytes is associated with increased 
mortality [34-38]. Koch et al. showed that cardiac surgical patients receiving 
erythrocytes that had been stored for more than 2 weeks have a higher risk of in-
hospital mortality and postoperative complications [36]. Storage leads to numerous 
effects: decreased cellular deformability, increased adhesion to the vascular 
endothelium [39], impaired microvascular flow [30, 40] and abnormal shape [41] 
which leads to limited oxygen delivery. 
Another pathway is transfusion induced immunomodulation (TRIM) and focuses on 
the release of cytokines, allogenic leukocytes and their immune activation, resulting 
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in transfusion-related lung injury or immune suppression resulting in susceptibility to 
infectious complications [40, 42-44]. The fact that the association between EBT and 
mortality is not present on the long-term mortality may indicate that such processes 
are contributing. 
Another extensively studied phenomenon is acute transfusion-related lung injury 
(TRALI). The diagnosis must satisfy the criteria for acute lung injury (ALI) following 
≤6 hr after transfusion, including (1) acute onset, (2) hypoxemic lung disease with 
(3) bilateral infiltrates on frontal chest radiograph, and (4) no evidence of left atrial 
hypertension [45].
Anemia contributes to and is associated with reduced physiological/homeostatic 
reserve, reduced function and reduced mobility [2, 46], mechanisms through 
which complications and mortality may be increased beyond one postoperative 
year. The ‘frailty syndrome’, consisting of sarcopenia, anorexia and declining 
mobility, is associated with dysregulation of pro- inflammatory pathways, increasing 
inflammatory markers such as IL-6, bone marrow suppression and chronic anemia 
[47]. 
EBT was not associated with early or late mortality after hip fracture surgery. 
Postoperative anemia, a cardiac history and delay to surgery of >48hr were predictors 
for in-hospital mortality. Transfusion in patients treated operatively for hip fracture 
should be evenly matched with their cardiovascular risk during the perioperative 
phase. Further research should identify subgroups that may benefit from a more 
liberal transfusion trigger depending on their cardiac risk and frailty characteristics 
or a more restrictive transfusion trigger without risk for worse outcome. 
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CHAPTER  6
Z-effect after intramedullary nailing 
systems for trochanteric femur fractures
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ABSTRACT
Introduction: The aim of this study was to investigate the incidence of Z-effect after 
dual lag screw intramedullary nailing systems and risk factors contributing to this 
effect. We hypothesized that long nails provide more neck strength due to a longer 
lever than short nails and are therefore less likely to develop a misbalance of a 
higher head compressive strength than neck compressive strength.
Methods: In a retrospective cohort study all patients treated operatively with a 
dual lag screw intramedullary nailing device for (sub)trochanteric hip fracture in 
2006 and 2007 were included. We analysed patient charts regarding patient and 
operation characteristics. Furthermore, we conducted radiologic measurements 
within the 2-year follow-up period to investigate the quality of the fracture fixation, 
implant failure and predictors for Z-effect. The re-operation risk was investigated 
with multivariate regression analysis.
Results: The incidence of (reversed) Z-effect in this study was 9% (n=80). 6 out 
of 7 Z-effects occurred in the short nail group, which was not significant. Patients 
who were treated with a long nail had a significant larger number of complications 
in comparison with the short nail group (median 2 vs 0.5, p=0.001). The long nail 
group received more often erythrocytes blood transfusions (82% vs 31%, p≤0.001) 
and had a longer hospital stay (13 vs 21 days, p<0.05). Migration of lag screws 
(p≤0.009), as well as unstable fracture type (p<0.05), was a risk factor for re-
operation. The re-operation rate within 2 year after surgery was 21% of which one 
fourth was due to a Z-effect. 
Conclusion: The nail length was not associated with the development of a Z-effect. 
Migration of lag screws after intramedullary nailing is common and a risk factor for 
re-operation as well as unstable fracture type.
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INTRODUCTION
The worldwide incidence of geriatric hip fracture is increasing. This phenomenon 
can be explained largely through the extreme increase of incidence of hip fracture 
in most Asian countries in the last decades. It is expected that by 2050 more than 
50% of all osteoporotic fractures will occur in Asia [1, 2]. Ageing is one of the major 
contributors to this phenomenon, as well as the incidence of osteoporosis and the 
process of urbanization [3]. On the contrary in most developed parts of the world 
has the incidence of hip fracture decreased or developed a plateau in the age-
adjusted rates in the last decades [3-5]. 
Hip fractures are one of the most common orthopedic causes leading to hospital 
admission in the geriatric population and are associated with high morbidity and 
mortality rates [6-9]. Surgical treatment options depend greatly on fracture type 
and can be divided into intracapsular fractures (femoral neck) and extracapsular 
fractures (trochanteric fractures). Extracapsular fractures can be stabilized by 
extramedullary and intramedullary implants. Intramedullary nailing provides both 
load sharing properties while allowing immediate mobilization, low intraoperative 
blood loss, low operation time and postoperative complication rates. In unstable 
fracture patterns, intramedullary devices appear to have a biomechanical advantage 
over extramedullary devices, lowering the forces imposed on the implant due to 
the shorter lever arm of the fixation [10-12]. The most common implant related 
complication is lag screw migration with an incidence of 4%-19% [13-18]. 
The introduction of the dual lag screws intramedullary nail systems [19, 20] were 
designed to improve rotational stability and bony purchase within the femoral head, 
thus resisting cut-out and subsequent fixation failure [21]. The dual lag screw design 
provides equivalent rigidity and stability compared to an intramedullary nail with a 
single lag screw and has a significantly higher failure strength [21]. With the arrival 
of this implant design, also a new failure occurred: The Z-effect phenomenon. The 
Z-effect describes the appearance of lateral migration of the inferior lag screw and 
medial migration of the superior lag screw during the weight bearing rehabilitation 
period [10, 22-25]. The reversed Z-effect describes the opposite effect: migration 
of the inferior lag screw medially and the superior lag screw laterally. Most studies 
about intramedullary nailing report the incidence of (reversed) Z-effect but very 
few studies have studied this phenomenon specifically. The cause of the Z-effect 
is thought to be biomechanical. Possibly due to a misbalance in head- and neck 
6
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 118
118
compressive strength leading to varus collapse [26]. The precise etiology of the 
Z-effect requires further clarification [25]. In one of the very few biomechanic studies 
were explanations found for medial migration due to included lateral buttress 
deficiency (lateral opening in the fixture), unstable medial cortex [26], constant 
friction within the femoral head and axial loading in varus [27]. Another study found 
that a cervicodiaphyseal angle of <125° of the postoperative x-rays was associated 
with the development of a Z-effect [24]. An inadequate fracture reduction or entry 
point and osteoporotic bone might also be contributing factors, but convincing 
evidence lacks. We hypothesize that long nails provide more neck strength due 
to a longer lever than short nails and are therefore less likely to develop a Z-effect.
MATERIALS AND METHODS
This retrospective study was conducted in the department of Trauma surgery in the 
Maxima Medical Center in the Netherlands, a large rural teaching hospital. From 
the 1st January 2006 till 31st December 2007 all patients treated with a dual lag 
screws intramedullary nail for trochanteric hip fracture were analysed. In this period 
were two types of nails used: the Recon nail (Stryker) and the Trigen nail (Smiths & 
Nephews). A follow-up period of 2 years was chosen for implant related failures to 
occur. We selected all patients who were operated for hip fracture and excluded 
the polytrauma patients and other fixation types. Patients with a malignancy in 
their history or pathological fractures were not excluded. A protocolised treatment 
algorithm regarding hip fractures was used. Standard workup after admission to 
the emergency department consisted of a detailed history, a complete physical 
examination, an electrocardiography and standard biochemical and hematologic 
tests. 
All medical records were evaluated for patient and operation characteristics 
such as sex, age, ASA score, fracture type by the AO-classification system 
(Arbeitsgemeinschaft für Osteosynthesefragen), anesthesia type, delay to surgery, 
operation time and patient days. Furthermore, we investigated postoperative 
complications and re-interventions during the 2-year follow-up. 
Radiological analyses were performed to measure the position of the superior and 
inferior lag screw, the cervicodiaphyseal angle and the Tip Apex Distance (TAD). 
The TAD is a clinically useful way to describe the position of the lag screws by the 
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sum of the distance from the tip of the lag screw to the apex of the femoral head on 
the anteroposterior radiograph and the same distance on the axial radiograph with 
correction for magnification [28]. The amount of radiographic magnification was 
determined by dividing the diameter of the projected shaft of the lag screw as seen 
on the radiograph by its known diameter. 
By measuring the TAD over time we studied the incidence of (reversed) Z-effect. 
The maximum TAD (TADmax) was measured during the follow-up period or before 
re-operation. To study migration of lag screws over time we calculated the TAD 
difference (TADdiff), which describes the maximum TAD minus the TAD directly 
postoperative. 
The quality of the fracture reduction was based on the fracture alignment and the 
fracture displacement. This was judged by the cervicodiaphyseal angle, the degree 
of angulation and the displacement between fracture fragments and shortening. 
The fracture reduction status was subsequently scored as good (scored as: 2), 
acceptable (scored as: 1) and poor (scored as: 0) [29, 30]. The position of the inferior 
lag screw in the femoral head was determined and judged as correct when placed 
as inferior or centrally on the anteroposterior radiograph and central placement on 
the axial radiographs [31].  All radiological measurements are displayed in figure 1. 
Figure 1. Radiological evaluation 
scheme.                                                                            
1. TAD proximal screw
2. TAD distal screw
3. Collo-diaphyseale angle
4. Angulation of the distal lag screw 
(<20%)
5. Fracture dislocation (>80% 
overlapping in both planes; <5 mm 
of shortening
a-f represents the zonez in which 
the distal screw can be placed in 
the femoral head.
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STATISTICAL ANALYSIS
All analyses were performed with SPSS 16.0 statistical software for windows (SPSS 
Inc., Chicago, Illinois, USA). P<0.05 was considered to be statistically significant. 
Data were presented as mean for normally distributed or median when non-normally 
distributed variables. Percentages were used when appropriate. One-way ANOVA 
was used to compare normally distributed and the Mann Whitney U-test for non-
normally distributed continuous variables with Bonferroni correction for multiple 
testing. A Pearson’s chi-square test (X2)was used to investigate whether distributions 
of categorical variables differed from one another. To investigate potential predictors 
for re-intervention we performed a multivariate logistic regression analysis. All 
theoretically important variables were entered in the model. Re-intervention was 
chosen as outcome of the model so that other implant related complications like 
cut-out, cut-through and non-union could be includwed in the analysis.
RESULTS
224 patients were operatively treated for trochanteric hip fracture during the study 
period of 2006-2007. Of these patients 103 received an intramedullary nail system 
with dual lag screws. In 23/103 (22%) patients there was only one X-ray control 
postoperatively. These patients were regarded as loss to follow-up. In these 23 
patients there were no signs of a Z-effect during hospitalization. The remaining 80 
patients enrolled in this study with 2-year follow-up.
Table 1 shows the baseline patient and operation characteristics. There were 
significant more unstable fractures types (A2.2, A2.3 A3.3) and A3 fracture types 
treated with a long nail (p≤0.001). There were no other differences in baseline or 
operation characteristics between patients who received a short nail in comparison 
with a long nail. Patients who were treated with a long nail had a significant longer 
hospital stay (13 vs 21 days, p<0.05). In table 2 are the radiological measurements 
displayed and classified by nail length.  The TAD, TADmax, TADdiff were not 
significantly different between the short nail group and the long nail group. The 
quality of the fracture fixation, expressed by a score, was significantly worse in the 
long nail group (p<0.05). Furthermore, the inferior lag screw was inserted at a larger 
angle in the long nail group in comparison with the short nail group (p<0.05). The 
correct position of the inferior lag screw in the femoral head was not different between 
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Table 1. Baseline patient and operation characteristics
Data presented as mean when normally distributed with SD = Standard Deviation. When non-normally 
distributed data presented as median with IQR = Interquartile Range. ASA = American Society of 
Anesthesiologists score, AO = Arbeitsgemeinschaft für Osteosynthesefragen, AO-classification used 
for fracture classification.
both groups. Furthermore, there were no differences in the collodiaphyseal angle or 
average screw migration between both groups. 7 patients developed a (reversed) 
Z-effect leading to an incidence of 9%. 6 out of 7 patients were treated with a short 
nail, which did not reach significance in comparison with the long nail group. In table 
3 are the radiological measurements displayed and classified by the presence of 
(reversed) Z-effect.  The TADdiff of the inferior lag screw was significantly different 
between the Z-effect group vs no Z-effect group (p=0.001). Table 4 shows the 
radiological measurements classified by implant failure (cut-out, cut-through and 
Z-effect). Significant displacement occurred of the superior and inferior lag screw 
over time in the implant failure group vs no implant failure (p≤0.003). 4 patients 
needed a re-operation because of the presence of a (reversed) Z-effect. A reversed 
Z-effect occurred in 2 patients (1 in short nail group, 1 in long nail group) and was 
always a reason for re-operation. Patients who were treated with a long nail had a 
significant larger number of complications in comparison with the short nail group 
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Table 2 and 3. Radiological results classified by nail length and by the presence of a (reversed) 
Z-effect
Data presented as mean when normally distributed with SD = Standard Deviation. When non-normally 
distributed data presented as median with IQR = Interquartile Range. ASA = American Society of 
Anesthesiologists score, TADdiff = Tip Apex Distance difference of TADmax (maximal measured TAD 
distance over time) minus the TAD (first postoperative measured TAD). AP = anteroposterior view, Ax = 
axial view. *Correct placement in the femoral head established as inferior or centrally placement of the 
lag screw on the anteroposterior radiograph and central placement on the axial radiographs. 1Z-effect 
or reversed Z-effect.
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(median 2 vs 0.5, p=0.001). The long nail group received more often erythrocytes 
blood transfusions (82% vs 31%, p<0.001) (Table 5).
There were 17 re-operations performed within two year after primary surgery. In 
4/17 (23%) of cases due to a (reversed) Z-effect and in 13/17 (76%) of cases due to 
a screw related implant failure. All reasons for re-operation are mentioned in table 6. 
There were significantly more deep infections in the long nail group (<0.05).  
All possible predictors for re-operation were entered in a logistic regression analysis 
(table 7). Migration of the superior as well as the inferior lag screw over time and 
unstable fracture type were the only predicting variables for re-operation. All other 
radiological variables used in this study were not associated with re-operation. 
Table 4. Radiological results classified by nail length and by the presence of implant failure (cut-
out, cut-through or the presence of a Z-effect or reverse Z-effect)
Data presented as mean when normally distributed with SD = Standard Deviation. When non-normally 
Implant failure = cut-out, cut-through or the presence of a Z-effect or reverse Z-effect. Data presented 
as mean when normally distributed with SD = Standard Deviation. When non-normally distributed data 
presented as median with IQR = Interquartile Range. ASA = American Society of Anesthesiologists 
score, TADdiff = Tip Apex Distance difference of TADmax (maximal measured TAD distance over time) 
minus the TAD (first postoperative measured TAD). AP = anteroposterior view, Ax = axial view. *Correct 
placement in the femoral head established as inferior or centrally placement of the lag screw on the 
anteroposterior radiograph and central placement on the axial radiographs.
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Table 5. Postoperative complications
Data presented as mean when normally distributed with SD = Standard Deviation. When 
non-normally distributed data presented as median with IQR = Interquartile Range.* non 
union due to avascular necrosis of the femoral head, ** non union due to deep infection.
Table 6. Reasons for re-operation classified by nail length
* AVN, Avascular necrosis.
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Table 7. Regression analyses for re-operation
Variables entered in Logistic regression analysis. P-value, significant for p<0.05, ASA = American 
Society of Anesthesiologists score, TADdiff = Tip Apex Distance difference of TADmax (maximal 
measured TAD distance over time) minus the TAD (first postoperative measured TAD). 1Unstable 
Fracture types: A2.2, A2.3 A3.3 (AO-classification). AP = anteroposterior view, Ax = axial view.
DISCUSSION
The incidence of Z-effect in this study was 9%. The length of the nail was not 
associated with the development of a Z-effect. Migration of lag screws after 
intramedullary nailing is common and a risk factor for re-operation as well as 
unstable fracture type. The re-operation rate within 2 year after surgery was 21% of 
which one fourth was due to a Z-effect.
We hypothesized that long nails provide more neck strength due to a longer lever 
and are therefore less likely to develop a misbalance of a higher head compressive 
strength than neck compressive strength, contributing to the Z-effect. In this 
study we did not find any convincing evidence for this hypothesis. There was no 
association between nail length and the development of a Z-effect, although 6 out 
of 7 Z-effects occurred in the short nail group. Despite these findings was the long 
nail inferior to the short nail for fracture reduction and quality of the osteosynthesis. 
These findings suggest that other variables are responsible for the occurrence of 
a Z-effect. More unstable fracture types and more high-energy trauma in the long 
nail group could explain the difference in quality of the osteosynthesis. This might 
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also be the reason for the higher incidence of blood transfusion in the long nail 
group. The operation time was also longer in the long nail group but did not reach 
significance. 
The overall incidence of Z-effect in this study was 9%, which is in line with other 
studies that report an incidence of 7.1%-13% after the proximal femoral nail with 
antirotation screw (PFNa, dual screw device) [23, 24, 32]. The migration of lag 
screws in the Z-effect group (table 3) is probably under estimated because Z-effect 
(n=5) and reversed Z-effect (n=2) fade each other out. Therefor all patients with 
implant failure (cut-out, cut-through and Z-effect) were grouped to study migration 
of lag screws more closely (table 4). Patients with implant failure did not have worse 
baseline characteristics of the primary placed dual lag screw system regarding 
fracture type, fracture reduction, collodiaphyseal angle or position of the lag 
screws in the femoral head. Significant migration of superior and inferior lag screws 
occurred over time in the case of implant failure (p≤0.003), the maximum migration 
for the superior lag screw was 82mm, and for the inferior lag screw 97mm.
In 5 cases there occurred screw migration with perforation of the acetabulum. In 
4 out of 5 cases due to cut-through and in 1 case in the presence of a reversed 
Z-effect. The cause of this phenomenon is multifactorial. Osteoporotic bone and 
unstable fracture types have previous been mentioned to be risk factors [33-35]. 
The principles behind the second or antirotation screw are clear, but strong clinical 
evidence for advantages are lacking. In a randomized controlled trial the Dynamic 
Hip Screw (DHS) was compared to the PFNa, but no statistically significant 
differences were found regarding implant failure [36]. Another study compared 
PFNa with conventional gamma nails and concluded no difference in clinical 
outcome. However, the PFNa demonstrated better results biomechanically in terms 
of less sliding of lag screw, less change of neck shaft angle, and less complications 
for the treatment of reverse obliquity intertrochanteric fractures [37]. A previous 
study reported that the PFNa did not improve the position of the implant in the 
femoral head compared with the PFN without antirotation screw [38]. This suggests 
that due to the use of a dual screw system there might be an increased risk for 
suboptimal placement. If the inferior lag screw is placed centrally, this results in a 
unavoidable cranially placed superior lag screw [39]. The key to prevent Z-effects 
might be a optimal position of the lag screws in the head by inserting the inferior lag 
screw over the calcar of the femoral neck in order to achieve better bony anchoring, 
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thus preventing screw cut-out. Strauss et al. suggested in their biomechanical 
study that in cases of intertrochanteric hip fractures with significant medial cortical 
comminution, surgeons may wish to avoid the use of a dual lag screw intramedullary 
nail [26]. 
We acknowledge a few limitations for interpreting the results of our study. Of 23 
patients there was a limited follow-up available; therefore, an underestimation of 
the results could be made. The loss to follow-up could be explained by early death 
or when no further radiologic follow-up was performed. Most patients that were 
loss to follow-up were suffering from dementia and discharged to a nursing home. 
Furthermore, selection bias cannot be excluded because of the retrospective study 
design. Although this is one of very few studies that specifically report about Z-effect 
after intramedullary nailing, the number of patients is relatively small, making the 
risk of type II error higher. The measured TAD depends on the angle the X-rays are 
shot, which makes it difficult to compare accurately, but we did use all available 
X-rays in the follow-up and corrected for radiographic magnification. There exists 
an overall difficulty of comparing long and short nails with another as well as A1 
fractures with A2 or A3 fractures. We corrected our analysis for the presence of 
unstable fracture types. 
In our study we did not only report implant related complications but also looked at 
predictors for re-operation. Unstable fracture type was a predictor for re-operation 
as well as migration of the superior or inferior lag screw over time. The contributing 
effect of osteoporosis to implant failure was not included in our analysis. To prevent 
re-operations after intramedullary nailing a stabile implant resistant to migration of 
lag screws is needed, even more in unstable comminuted trochanteric fractures. 
Dual lag screw systems have improved over the years. Henschel et al. found that 
the stresses were distributed more equally between the two cephalic screws in 
the bone and the implant if a longer inferior screw was used [40]. The Targon 
nail® (B. Braun, Aesculap) interlocking nail system was developed on the same 
biomechanical principle. In a randomized trial the Targon nail seems to be superior 
to the sliding hip screw (SHS) in the case of unstable A3 trochanteric fractures [41]. 
Fractures treated with SHS were more likely to medialize >50% compared with the 
Targon nail in A3 fractures (38.1% vs 3.8%, p=0.006). Medialization >50% was a 
predictor for revision surgery. Another dual lag screw nail was reintroduced (Trigen 
Intertan, Smith-Nephew) and designed with two integrated lag screws to overcome 
Z-effect complications and provides immediate intraoperative linear compression 
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and rotational stability. Several studies have shown reliable outcome without the 
presence of Z-effect [39, 42, 43]. A prospective randomized comparative study of 
the Endovis® Cephalomedullary dual lag screw nail vs DHS showed comparable 
outcome, with implant failure rates of 9% and 11% respectively [44]. Lag screw 
migrations only occurred in patients with unstable trochanteric fractures with 
comminution of the medial cortex. Finally, a recent prospective, randomized, 
multicenter clinical trial compared the Trigen Intertan nail (Smith-Nephew) with 
DHS. This study showed that most patients with intertrochanteric femur fractures 
could expect similar functional results whether treated with an intramedullary or 
extramedullary device. Sub-group analysis showed that active and functional 
patients with unstable trochanteric fractures have better outcome regarding less 
shortening, better Functional Independence Measure (FIM) and Timed Up and Go 
test (TUG) after 1 year follow-up when the Trigen Intertan nail is used [45]. More 
prospective randomized comparative studies of recent dual lag screw systems with 
other fixation types are warranted to conclude what osteosynthesis is preferable in 
unstable trochanteric fractures. 
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CHAPTER  7
Summarizing discussion, 
future perspectives and conclusions
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DOES THE PATELLAR PUBIC PERCUSSION TEST (PPPT)
HAVE A PLACE IN MODERN PRACTICE? 
It can be difficult to diagnose occult hip fractures. Previous studies show that 
2-10% of hip fractures are unable to be diagnosed by radiographs only [1-4]. Clear 
clinical decision rules for additional imaging do not exist. Whether an additional 
CT or MRI-scan is justified will be determined by physical examination, the ability 
to ambulate, subjective pain presentation and the gut feeling of the attending 
clinician. Undiagnosed hip fractures may lead to secondary fracture displacement 
and avascular necrosis due to treatment delay [5]. In chapter 2 we presented 
the patellar pubic percussion test (PPPT), as a validated test to diagnose clear 
hip fractures as well as occult fractures. We calculated a 85% sensitivity, a 70% 
specificity and a positive predictive value of 0.94. One other study found a sensitivity 
of 96% and a specificity of 85%, although these findings were based on 1 observer 
only [6]. We acknowledge some limitations of the PPPT test such as previous hip/
knee surgery with osteosynthesis in place or unilateral severe cox arthrosis on the 
X-rays. We propose a clinical flowchart were the PPPT could help to filter patients 
for the need for additional imaging (see figure 1). This could increase the uniformity 
between physicians and possibly decrease missing fracture rates. The question 
remains whether the PPPT is contributory in modern medicine, where you can get 
a CT or MRI scan almost instantly. Our results show that the PPPT provides more 
objective support for additional imaging, than decision making without it. If the x-ray 
is negative this does not exclude a hip fracture. The PPPT could be of guidance to 
diagnose occult hip or pelvic fracture with somewhat more certainty. In our study, 
treatment for patients with suspected hip fracture could be based on X-rays only in 
more than 92% of cases. Additional imaging after a positive PPPT show in 73% of 
cases missed fractures, mostly pelvic fractures. The question remains how many 
of these patients would have received the same imaging based on other findings if 
the flowchart was not in use. The flowchart has not been tested in clinical practice, 
since our blinded prospective study design was focused on the properties of the 
PPPT itself and every clinically suspected hip fracture patient was tested before 
x-rays were taken. This should be the main focus for further research to establish a 
diagnostic role for the PPPT. The Patellar Pubic Percussion Test: it’s nostalgia, but 
it proves to be a reliable, quick, bedside tool test to guide for further imaging and 
prevent missed fractures.
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PREOPERATIVE CARDIAC SCREENING, HOW IMPORTANT 
IS IT?
Before surgery all hip fracture patients receive preoperative screening for 
perioperative risk assessment. The preoperative screening may give rise to a 
preoperative cardiac consultation. The reason for this is not cardiac clearance, 
but cardiac risk assessment to determinate changes in perioperative patient 
management, including anesthesia, pharmacological and perioperative monitoring. 
In 6-25% of hip fracture patients additional cardiac testing with Trans Thoracic 
Echocardiography (TTE) is used [7-9] and this leads very rarely to a preoperative 
cardiac intervention [10]. 
In chapter 3 and 4, we showed that cardiac screening is frequently not in accordance 
with the clinical practice guidelines of the American College of Cardiology and 
American Heart Association (ACC/AHA). Overscreening is in more than ≥90% of 
the cases the reason for incorrect screening. The increase of delay to surgery 
between non-overscreening vs. overscreening was 9.9 hrs (p=0.03). The mean 
delay to surgery increased by 8.0 hours when patients had a cardiac consultation 
(p=0.001). A cardiac consultation was a significant factor for increased delay to 
surgery in multivariate analysis, while age, sex, a cardiac history and preoperative 
mobility were not. These findings are in line with previous studies [11-13]. We 
Other diagnosis
No follow-up
no
Clinically 
suspected hip 
fracture 
X-ray, fracture?
Continue to 
treatment
PPPT positive? MRI / CTFracture?
Continue to 
treatment
Clinical / 
outpatient 
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yes
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no
no
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no
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Figure 1. Suggested flowchart with a diagnostic role for the Patellar Pubic Percussion Test (PPPT).
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demonstrated that an increased delay to surgery was an independent predictor 
for in-hospital mortality (p<0.05) and 1-month mortality (p<0.05). Patients with a 
delay of more than 48 hours suffered from more cardiovascular (p<0.001) and 
respiratory complications (P<0.01). The effects of delay itself could partly explain 
increased complication risk. On the other hand, patients who encounter a delay 
>48 hours, if not system related delay, are probably the more vulnerable patients 
with acute medical problems and more likely to have comorbidity and higher 
ASA score. Patients who were classified as high risk by the ACC/AHA guidelines 
experienced significantly more respiratory and cardiovascular complications. This 
was associated with a significant more than 4-fold increased risk for in-hospital 
mortality for high risk patients in comparison with intermediate and low risk patients 
[14].
Preoperative cardiac assessment is in the first place important to strive for the best 
possible outcome for patients. Secondly, to prevent delay to surgery and overuse of 
medical resources. Unfortunately, the content of a cardiac consultation is frequently 
limited to a statement of the known increased surgical risk and with general 
recommendations concerning fluid balance, maintaining hemoglobin levels and 
continuing beta-blockers medication. It has been suggested to routinely perform 
echocardiography in elderly patients with hip fractures [15]. Some authors have 
reported a benefit of routine echocardiography on mortality after hip fracture surgery 
[16], where others have not [10, 17]. There are no recommendations available from 
randomized controlled trials on the use of TTE in a hip fracture population, this 
should be the main focus for future research. 
Screening of all hip fracture patients with trans thoracic echocardiography (TTE) 
identified significant aortic stenosis in 8% of patients [18]. Conversely, severe aortic 
stenosis is no contraindication for surgery and did not influence early mortality [19, 
20]. The use of TTE as a screening tool to find cardiovascular pathology seems 
to have its limitations. An important matter is to identify those patients who should 
undergo TTE. Screening patients with a high chance of pathology is more logical 
than screening all hip fracture patients. 
Preoperative cardiac screening and stabilization of medical issues before hip 
fracture surgery is essential and should be individually determined according to 
the patient’s perioperative risk. If subsequently, the screening leads to a cardiac 
consultation, this assessment must be carried out efficiently with attention for timing 
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to surgery and in accordance with clinical practice guidelines such as the ACC/
AHA guidelines. Overscreening leads to greater delay to surgery, which poses a 
risk for perioperative complications and early mortality. 
BLOOD TRANSFUSIONS, DO OR DON’T?
In chapter 3, 4 and 5, we demonstrated that erythrocyte blood transfusion (EBT) 
is frequently used during the treatment of anemia after hip fracture surgery (41-
43%). A hip fracture reduces mean haemoglobin concentrations by approximately 
0.7–2.5 g/dl depending on fracture type [21, 22]. The haemoglobin level on 
admission was found to be falsely reassuring and could lead to dangerously low 
postoperative haemoglobin levels [22]. The hidden blood loss after hip surgery 
is probably underestimated [23, 24]. Factors contributing to this are blood loss 
due to the fracture hematoma, especially in extracapsular fractures, which may 
not be reflected by the level of haemoglobin at the time of admission. Furthermore, 
intraoperative blood loss and insufficient haemostasis may contribute to continued 
haemorrhage postoperatively. Anticoagulant medication may increase perioperative 
bleeding. Other sources of bleeding, such as gastrointestinal bleeding, may add to 
the overall blood loss.
The lower a patient’s haemoglobin concentration before hip fracture, the more 
likely they are to be transfused [25, 26]. In chapter 5 we demonstrated that the 
postoperative hemoglobin level was the strongest predictor for EBT. Patients 
who received EBT had a significant longer hospital stay and more postoperative 
cardiac complications, even after adjustment for confounders. Multivariate analysis 
for mortality showed that EBT was a significant risk factor for early as well as late 
mortality, but after adding the propensity score, EBT was no longer associated 
with increased mortality. The propensity score was used to differentiate between 
transfusion being a risk factor for mortality and the risk factors for predicting 
transfusion being predictors for mortality itself.
During the term of this thesis, the Maastricht University Medical Center practiced a 
liberal transfusion policy to transfuse elderly patients with a cardiac history (aimed 
at >10 g/dL). Given that 49% of patients enrolled in our study had a previous 
cardiac history. Despite this, no significant differences in transfusion rates existed 
when patients were classified into low, intermediate and high cardiac risk by the 
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ACC/AHA guidelines. 
A review from Potter et al. on preoperative anemia and EBT in hip fracture patients 
showed that anemia on hospital admission was associated with increased mortality, 
relative risk 1.64 (95% CI 1.47–1.82), p < 0.0001 in >13.000 patients [27]. Several 
studies showed that anemia on admission was associated with increased mortality 
after hip fracture, regardless the severity of anemia [27-36]. However, four of eight 
studies in the review from Potter reported that anemia was not independently 
associated with mortality after adjustment for major confounders. There was no 
association between postoperative transfusion and mortality after adjusting for 
covariates. These findings suggest that anemia seems to play a more important 
role than EBT itself. This is exactly why we corrected our data in with the use of the 
propensity score for the chance of receiving EBT. The interpretation of a possible 
association of EBT with postoperative outcome is confounded by the corresponding 
association between admission haemoglobin concentrations and postoperative 
outcome and the thresholds for transfusion. Most studies report on postoperative 
hemoglobuline levels, where transfusion is frequently received postoperatively. EBT 
has paradoxical effects on the association of anemia with outcome. If hypothetically, 
EBT was not harmful and anemia was, transfusion would reduce mortality, but also 
be associated with increased mortality because of the anemia that triggered it. 
Unfortunately, transfusion to maintain a higher haemoglobin concentration did not 
reduce mortality [27]. 
In our study, EBT remained an independent risk for perioperative cardiac morbidity 
after correction for confounders. In a large RCT from Carson et al., the rates of in-
hospital acute coronary syndrome or death were 4.3% and 5.2%, in the liberal and 
restrictive transfusion group respectively (absolute risk difference, −0.9%; 99% CI, 
−3.3 to 1.6) [37]. In Potters review transfusion at 80 g/dl vs 100 g/dl increased acute 
myocardial infarction, with a relative risk of 1.67 (95% CI 1.01–2.77), although with 
p = 0.05 and a 97.5% weight of Carson’s study [27]. No strong conclusions can be 
drawn. 
The TRIFE randomized controlled trial showed no statistically significant differences 
in 90-day mortality rate between the restrictive transfusion group and the liberal 
transfusion group, 27% vs 21% [38]. Subgroup analysis for frail elderly from nursing 
homes showed equal recovery from physical disabilities but significant increased 90-
day mortality rate in the restrictive transfusion group (36% vs 20%, HR = 2.0, 95% CI: 
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1.1-3.6; p = 0.01) [38] and higher chance of postoperative delirium 21% vs 10%. The 
presence of delirium on day 10 after surgery increased the risk of 90-day mortality, 
hazard ratio 3.14 (95 % CI 1.72-5.78), p < 0.001) [39]. These findings suggest that 
frail elderly patients might actually benefit from a liberal transfusion trigger. Frailty 
is a clinical state of increased vulnerability resulting from aging-associated decline 
in physiologic reserves [40]. Several studies show worse postoperative outcome 
after hip fracture surgery for frail patients [41-43]. Anemia contributes to and is 
associated with reduced physiologic/homeostatic reserve, reduced function and 
reduced mobility [44, 45], mechanisms through which complications and mortality 
may be increased beyond one year postoperative. The ‘frailty syndrome’, consisting 
of sarcopenia, anorexia and declining mobility, is associated with dysregulation of 
pro- inflammatory pathways, increasing inflammatory markers such as IL-6, bone 
marrow suppression and chronic anemia [46]. EBT causes an immunological 
response as well, a pathway known as transfusion induced immunomodulation 
(TRIM) which might lead to increased susceptibility to infectious complications [47-
49]. Macrophages may mediate these immunosuppressive aspects of TRIM that 
arise as a result of EBT and their storage lesion induced by-products [50]. Another 
extensively studied, but rare phenomenon (1 in every 5000 units of packed red 
blood cells), is acute transfusion-related lung injury (TRALI) [51]. The diagnosis 
must satisfy the criteria for acute lung injury (ALI) following ≤6 hr after transfusion, 
including (1) acute onset, (2) hypoxemic lung disease with (3) bilateral infiltrates on 
frontal chest radiograph, and (4) no evidence of left atrial hypertension [52].
Pre- and postoperative anemia is associated with increased mortality in a hip 
fracture population. Transfusion in patients treated operatively for hip fracture 
should be evenly matched with their cardiovascular risk during the perioperative 
phase. Further research should identify subgroups that may benefit from a more 
liberal transfusion trigger depending on their cardiac risk and frailty characteristics 
or a more restrictive transfusion trigger without risk for worse outcome. To determine 
an optimal timing of EBT could also be a topic of future research. 
WHAT IS THE BEST IMPLANT CHOICE FOR UNSTABLE 
TROCHANTERIC FRACTURES?
Unstable trochanteric fractures can be treated with cephalomedullary nails (CMN) 
or extramedullary implants like Sliding Hip Screw (SHS) implants, with or without 
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trochanteric support plate (TSP). According to the NICE guidelines, intramedullary 
fixation is the treatment of choice for subtrochanteric fractures because it allows 
splinting of the whole of the femoral shaft [53]. Although intramedullary nails are 
more expensive than extramedullary implants, they lead to fewer reoperations 
due to non-union [53]. A report by the Evidence-Based Working Group in Trauma 
concluded that failure rates of treatment of unstable subtrochanteric fractures (AO 
31A3) with a sliding hip screw are too high to recommend its use [54]. Haidukewych 
et al. reported a failure rate of 56 % when using DHS in patients with reverse oblique 
fractures [55]. Matre et al. compared SHS systems with intramedullary nails, 
involving 2716 patients with AO 31A3 fractures from the Norwegian Hip Fracture 
Register. At one year, reoperation rates were 6.4% and 3.8% for SHS and IM nails, 
respectively (p = 0.011) [56]. For the challenging AO type 31A2.2 and 31A2.3 there 
currently does not exist consensus about the best fixation method.
CEPHALOMEDULLARY NAILS
There exist a whole range of intramedullary nail types. The Gamma3 Locking Nail 
is a third generation Gamma nail with a self-retaining set screw, to prevent rotation 
and sliding of the lag screw. The Proximal Femoral Nail (PFN) is a dual lag screw 
system designed to prevent rotation and provide more strength. The inferior lag 
screw is able to compress the fracture. Another nail, the Proximal Femoral Nail 
Antirotation (PFNA), differs in design by having a single proximal blade. The PFNA 
blade compacts the cancellous bone at insertion, providing additional anchoring. 
The Intertan is a fourth-generation trapezoidal shaped nail with two proximal lags 
screws that interlock with each other to provide rotational stability and achieving 
primary compression at fracture site at insertion. Biomechanical studies have 
shown that the Intertan is almost twice as strong as contemporary nails, with load 
to failure noted at around 8000 Newton with ideally positioned lag screw, and 6000 
Newton for a decentralized position [57].
An RCT from Xu et al. compared the use of PFNA and Gamma3 nail in unstable 
trochanteric fractures concluded no differences in clinical outcome [58]. 
Simmermacher et al. showed in a large cohort of 315 patients with unstable fractures 
treated with PFNA a reoperation rate of 9% [59]. Another study randomized 210 
patients with AO31-A2 fractures between a long gamma nail and DHS and found 
no difference in clinical outcome, re-operation rates were 3% and 2% respectively. 
Ekström et al. compared the PFN (short nail) with the Medoff sliding plate (MSP) in an 
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RCT and found no statistical difference in functional outcome or major complications 
for unstable trochanteric and subtrochanteric fractures. Reoperations were more 
frequent in the PFN group (9%) compared to the MSP group (1%; P<0.02) [60]. 
One unique problem with dual lag screw implants is the Z-effect [61, 62]. The 
Z-effect phenomenon describes the appearance of a lateral migration of the inferior 
lag screw and medial migration of the superior lag screw during the weight bearing 
rehabilitation period. The reversed Z-effect describes the opposite effect: migration 
of the inferior lag screw medially and the superior lag screw laterally. Koyuncu et 
al. reports 17.7 % late complications in 152 patients treated with PFN with a re-
operation rate of 9.3% (due to Z-effect n=3, reverse Z-effect n=2 and screw cutouts 
n=4) [63]. 
In chapter 6 we have demonstrated an incidence of 9% (n=80) Z-effect after dual 
lag screw nails systems. Migration of lag screws (p≤0.009) and unstable fracture 
type (p<0.05), were risk factors for re-operation. The re-operation rate within 
2 years after surgery was 21%, of which one fourth was due to a Z-effect. The 
majority of studies report Z-effect incidences only and have a limited follow-up. The 
development of the Intertan nail brought a solution to the Z-effect phenomenon and 
showed reliable outcome. In a meta-analysis the Intertan nail was compared with 
Gamma nail or PFNA. Intertan showed similar results regarding functional recovery, 
blood loss, postoperative complications and hospital stay, but significantly less 
implant cut-out and femoral fractures [64]. Surgery time was significantly increased 
by the Intertan in comparison with Gammanail or PFNA by approximately 10min. In 
a pair matched comparative study a significant higher incidence of cut-out (5.7% 
vs 1.1%, p=0.02) and femoral shaft fracture (8% vs 1.1%, p=0.04) was found in 
the Gamma3 nail group (n=174) in comparison with the Intertan (n=87) [65]. Re-
operation rates within 1 year were 2.9% vs 2.3% respectively (non-significant). 
SLIDING HIP SCREW
Sliding hip screws are extramedullary implants that allows controlled dynamic sliding 
of the femoral head component along the construct. Biomechanical studies have 
shown less rigidity when unstable fractures were fixed with DHS and constructs 
failed earlier with cyclical loading [66, 67]. Tucker et al. investigated 3230 patients 
with unstable trochanteric fractures treated with CMN, DHS and DHS + TSP [68]. 
The overall revision rate for the DHS group was 4.04%, compared to DHS + TSP 
2.53% and CMN 2.34%. The DHS + TSP group experienced a significant increased 
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duration of hospital stay and higher 1-year mortality rates. Functional outcomes 
were equivalent between CMN and DHS [68]. The authors questioned if the best 
plate was a nail.
Xu et al. randomized PFNA and DHS for unstable trochanteric fractures. The 
PFNA allowed earlier mobilization and faster recovery than the DHS. No significant 
differences were found for postoperative complications or re-operation rates due 
to sample size (n=106) and loss to follow-up (n=23) [69]. Another RCT showed a 
significant lower mean operative time in the PFNA group in comparison with the DHS 
group, a shorter fluoroscopy time and less blood loss [70]. 6/39 (15%) of patients 
in DHS group had implant failure while 0/42 experienced this in PFNA group. The 
PFNA group had a better functional outcome than the DHS group. A prospective 
randomized comparative study of PFNA vs. DHS found similar complication rates, 
mean tip-apex distances and screw cut-out (7.8% vs 7.3%, p=0.88) but better 
recovery in the PFNA group [71]. 
CONCLUSIONS
To choose the best implant for unstable trochanteric fractures (AO type 31A2.2 and 
31A2.3), patient, fracture and implant factors as well as surgical factors like the 
surgeon’s experience and preferred type of implant should be taken in account. 
Differences between implants from trials are sometimes small and in experts 
hands they could become clinically less relevant. Individual RCT’s show plausible 
advantages for different types of intramedullary implants over SHS in the treatment 
of unstable trochanteric fractures. More randomized controlled trials with long-
term follow-up are warranted to compare recent dual lag screw systems with other 
fixation types to conclude what osteosynthesis is ultimately preferable for unstable 
type trochanteric fractures.
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 ACC/AHA APPENDICES
The American College of Cardiology & American Heart Association guidelines for 
non-cardiac surgery. The most relevant findings from the 2007 and updated 2014 
ACC/AHA guidelines regarding hipw fracture surgery are stated here [1, 2]. A 
stepwise approach for cardiac evaluation for non-cardiac surgery is explained and 
presented below (figure 1). At the end of these appendices the level of evidence 
table is shown (LOE, figure 2).
Step 1: In patients scheduled for non cardiac surgery with risk factors for or known 
CAD, determine the urgency of surgery. If an emergency, then determine the 
clinical risk factors that may influence perioperative management and proceed 
to surgery with appropriate monitoring and management strategies based on the 
clinical assessment.
Step 2: If the surgery is urgent or elective, determine if the patient has an acute 
coronary syndrome (ACS). Hip fracture surgery is considered urgent surgery that 
should take place <24hours. If yes, then refer patient for cardiology evaluation and 
management according to guideline-directed medical therapy (GDMT) to represent 
recommended medical therapy as defined mainly by Class I measures. GDMT 
according to the unstable angina (UA) or (non–)ST-elevation myocardial infarction 
(NSTEMI and STEMI) guidelines [3, 4]. 
Step 3: If the patient has risk factors for stable CAD, then estimate the perioperative 
risk of Major Adverse Cardiac Events (MACE) on the basis of the combined clinical/
surgical risk. This estimate can use the American College of Surgeons National 
Surgical Quality Improvement Program® risk calculator (NSQIP, http://www.
riskcalculator.facs.org) or incorporate the Revised Cardiac Risk Index (RCRI) [5] 
with an estimation of surgical risk. 
Step 4: If the patient has a low risk of MACE (<1%), then no further testing is needed, 
and the patient may proceed to surgery.
 Step 5: If the patient is at elevated risk of MACE, then determine functional capacity 
with an objective measure or scale such as the Duke Activity Status Index (DASI, 
see table 1) [6]. If the patient has moderate, good, or excellent functional capacity 
(≥4 MET’s, Metabolic Equivalent of Task), then proceed to surgery without further 
evaluation.
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Step 6: If the patient has poor (<4 METs) or unknown functional capacity, then 
the clinician should consult with the patient and perioperative team to determine 
whether further testing will impact patient decision making or perioperative care (eg, 
non invasive testing with transthoracic echocardiography (TTE) or the decision to 
perform original surgery or willingness to undergo pharmacological stress testing, 
coronary artery bypass graft (CABG) or percutaneous coronary intervention (PCI)).
Step 7: If testing will not impact decision making or care, then proceed to surgery 
according to GDMT or consider alternative strategies, such as conservative 
treatment or palliation.
Table 1. Estimated energy requirements for various activities, Metabolic Equivalent of Task (MET’s)
kph indicates kilometers per hour
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Table 2. The American College of Cardiology/American Heart Association clinical predictors for 
each each risk group
Table 3. Active cardiac conditions for which the patient should undergo evaluation and treatment 
before non-cardiac surgery (Class I, Level of Evidence: B)
CCS Canadian Cardiovascular Society (CSS) functional classification for Angina. NYHA New York 
Heart Association for Heart Failure. * The American College of Cardiology National Database Library 
defines recent MI as more than 7 days but less than or equal to 1 month (within 30 days).
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RECOMMENDATIONS FOR PERIOPERATIVE CARDIAC ASSESSMENT 
REGARDING HIP FRACTURE SURGERY 
(Considered intermediate risk surgery with urgent indication <24hr) 
Class I recommendations (figure 2). Patients with active cardiac conditions (table 
3) should be evaluated and treated per ACC/AHA guidelines and, if appropriate, 
consider proceeding to the operating room. Level of Evidence: B. 
Patients with poor (less than 4 METs) or unknown functional capacity and no 
clinical risk factors (table 2) should proceed with planned surgery (figure 1). Level 
of Evidence: B.
Class IIa recommendations (figure 2). It is probably recommended that patients 
with functional capacity greater than or equal to 4 METs without symptoms (table 1) 
proceed to planned surgery (figure 1).Level of Evidence: B. 
It is probably recommended that patients with poor (less than 4 METs) or unknown 
functional capacity and 3 or more clinical risk factors (table 2), who are scheduled 
for intermediate risk surgery proceed with planned surgery with heart rate control 
(figure 1). Level of Evidence: B.
Class IIb recommendations (figure 2).Noninvasive testing might be considered 
if it will change management for patients with poor (less than 4 METs) or unknown 
functional capacity and 3 or more clinical risk factors (table 2) who are scheduled 
for intermediate risk surgery (figure 1). Level of Evidence: B. 
Noninvasive testing might be considered if it will change management for patients 
with poor (less than 4 METs) or unknown functional capacity and 1 or 2 clinical risk 
factors (table 2) who are scheduled for vascular or intermediate risk surgery (figure 
1). Level of Evidence: B.
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Figure 1. Level of recommendations ACC/AHA guidelines 2014.
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 NEDERLANDSE SAMENVATTING
Dit proefschrift beschrijft verschillende klinische studies rond de perioperatieve zorg 
voor ouderen met een heupfractuur. Dit betreft een kwetsbare patiëntenpopulatie 
met dikwijls veel comorbiditeit en polyfarmacie. De gevolgen van een heupfractuur 
zijn ernstig. Er bestaat een grote kans op complicaties en overlijden na de operatie. 
Tevens komen veel patiënten niet meer terug op hun oude niveau van functioneren. 
Hoofdstuk 2 richt zich op de preoperatieve fase. Een typische heupfractuur 
patiënt heeft een adequaat trauma gehad, pijn ter hoogte van de heup-lies regio, 
kan niet belasten en heeft een bewegingsbeperking. Om een heupfractuur te 
diagnosticeren worden röntgenfoto’s gemaakt (anteroposterieure en laterale 
opname). Echter bekend is dat 2-10% van de heupfracturen gemist worden op 
een reguliere röntgenfoto. Dit noemt men een occulte heupfractuur. Het lichamelijk 
onderzoek, de mogelijkheid tot belasten van de heup, de subjectieve pijnbeleving 
van de patiënt en het ‘onderbuikgevoel’ van de arts bepalen of er bij een verdenking 
op een occulte heupfractuur een CT of MRI-scan gemaakt wordt. Er bestaan geen 
klinische beslisregels die bepalen welk vervolgonderzoek, wanneer geïndiceerd 
is. Gemiste heupfracturen lopen de kans op secundaire dislocatie en avasculaire 
necrose van de heup kop door de vertraging in de behandeling. In dit hoofdstuk 
behandelen we het gebruik van de Patella Pubis Percussie Test (PPPT) om te kijken 
of deze betrouwbaar is om zowel standaard heupfracturen als occulte fracturen te 
diagnosticeren. De PPPT wordt uitgevoerd door met de vinger op de knieschijf te 
kloppen, terwijl met een stethoscoop op het schaambeen geluisterd wordt. Beide 
benen worden achtereenvolgens met elkaar vergeleken. Een duidelijk verschil 
is te horen in botgeleiding in het geval van een fractuur. 191 patiënten met een 
verdenking heupfractuur, werden op de spoedeisende hulp (SEH) onderzocht met 
de PPPT door twee geblindeerde onderzoekers, voordat er een röntgenfoto gemaakt 
werd. Dit leverde bij 161 patiënten (84%) een fractuur op (heup n=142, bekken 
n=19). De PPPT heeft een sensitiviteit van 85%, een specificiteit van 70%, een 
0,94 positief voorspellende waarde en een 0,47 negatief voorspellende waarde. De 
interobserver betrouwbaarheid is goed (kappa=0,7). 11 CT-scans werden verricht 
wegens een ‘mismatch’ tussen uitkomst PPPT (positief) en röntgenfoto (negatief) 
en leverde 8 aanvullende fracturen op (73%). Een multivariate analyse toonde dat 
een pijnlijk passief bewegingsonderzoek en de PPPT voorspellende onderzoeken 
zijn voor een heupfractuur. De PPPT kan behulpzaam zijn in de beslisvorming tot 
aanvullende beeldvorming bij de verdenking op een occulte heupfractuur. 
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Hoofdstuk 3 behandeld de preoperatieve cardiologische screening. In een 
retrospectieve studie met 388 heupfractuur patiënten werd de preoperatieve 
cardiologische screening onder de loep genomen en vergeleken met de 
aanbevelingen vanuit de ‘American College of Cardiology’ (ACC) en de ‘American 
Heart Association’ (AHA) richtlijn. Heupfracturen vallen onder intermediair risico 
operaties, waarbij geldt dat het risico op majeure cardiologische events perioperatief 
<5% is. Onderzoek wijst echter uit dat er een veel hogere incidentie van cardiale 
ischemie bestaat van 35-42%, gemeten aan de hand van troponine bepalingen 
perioperatief. Verder is bekend dat overlijden in het ziekenhuis na een heupfractuur 
meestal de oorzaak is van hartfalen of een hartinfarct, welke kort na het optreden 
van de heupfractuur voorkomen. 
De kern van de ACC/AHA richtlijn beschrijft een stapsgewijze benadering voor 
preoperatieve cardiologische screening van patiënten op basis van hun klinische 
predictoren en functionele capaciteit, gemeten doormiddel van de MET score 
(metabolic equivalent of task).  Een patiënt zou minimaal enkele trappen moeten 
kunnen lopen en of een stukje moeten kunnen wandelen met ongeveer 5,5km/uur 
om voldoende inspanningstolerantie te hebben. De ACC/AHA richtlijn verdeelt 
patiënten in een laag, intermediair en hoog risico op basis van hun klinische 
predictoren. 82% van de patiënten in de lage risicogroep ontvingen de juiste 
preoperatieve cardiale screening voor hun operatie, 46% in de intermediaire en 
86% in de hoge risicogroep patiënten. De meest frequente reden voor het incorrect 
screenen was overscreenen (>95%). De vertraging tot aan de operatie nam met 
9.9 uur toe wanneer er sprake was van overscreening. Vertraging tot aan de 
operatie en het hebben van een cardiale voorgeschiedenis waren risico’s voor 
meer cardiovasculaire complicaties en vroege mortaliteit (<1 maand). Een hoge 
leeftijd en mannelijk geslacht waren de sterkste predictoren voor overlijden 1- of 
2-jaar na de operatie. De kans op pulmonale (RR 37, 95%CI 9-156; p<0.0001), of 
cardiovasculaire (RR 9, 95%CI 3-24; p<0.0001) complicaties postoperatief waren 
significant hoger in de hoog risicogroep in vergelijking met de intermediaire en/
of laag risicogroep. De kans op overlijden na een operatie voor een heupfractuur 
betreft 5% binnen de ziekenhuisopname, 9% <1 maand, 29% binnen 1 jaar, en 39% 
binnen 2 jaar. 
Hoofdstuk 4 is een vervolg op het onderzoek in hoofdstuk 3.  In een prospectief 
cohort van 166 patiënten worden de bevindingen van hoofdstuk 3 bevestigd in een 
prospectieve studie met een grotere bewijslast. De baseline karakteristieken van 
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de patiënten zijn hierbij in meer detail gemeten, denk hierbij aan de ‘ASA-score’ 
(American Society of Anesthesiologists) voor de fysieke status, de ‘Barthel index’ 
voor het functioneren prefractuur, de MET-score (Metabolic Equivalent of Task) 
voor de functionele capaciteit, het MMSE (Mini Mental State Examination) voor het 
cognitief functioneren en de ‘Palmer & Parker’ score voor de prefractuur mobiliteit. 
Hoofdstuk 5 beschrijft het gebruik van bloedtransfusies na heupfractuur 
chirurgie en de mogelijke associaties met morbiditeit en mortaliteit. Het betreft 
een retrospectieve studie met 388 patiënten waarbij met behulp van ‘propensity 
matching’ de data gecorrigeerd is. De propensity score werd gebruikt om te 
differentiëren of het ontvangen van een bloedtransfusie een risicofactor was voor 
mortaliteit na heupfractuur chirurgie of dat de voorspellende factoren voor een 
bloedtransfusie zelf geassicieerd zijn met mortaliteit. Dit wil zeggen dat factoren 
die van invloed zouden kunnen zijn op het ontvangen van een bloedtransfusie 
gelijktijdig van invloed kunnen zijn op mortaliteit postoperatief. De propensity score 
werd berekend met behulp van logistische regressieanalyse van alle univariate 
risicofactoren voor een bloedtransfusie: leeftijd, postoperatief hemoglobinegehalte 
en fractuurtype. Anemie komt zeer frequent voor na heupfractuur chirurgie, waarbij 
41% van de patiënten een bloedtransfusie na de operatie ontvangt. Patiënten die 
een bloedtransfusie ontvingen hadden een langere opnameduur en meer cardiale 
complicaties ook na correctie voor confounders. Multivariate analyse liet zien dat 
na correctie met de propensity score er geen associatie meer bestond tussen 
bloedtransfusie en mortaliteit. 
Hoofdstuk 6 beschrijft de resultaten na gebruik van intramedullaire penosteosynthese 
systemen met 2 collumschroeven voor extracapsulaire heupfracturen. De 
introductie van deze implantaten kwam voort vanuit de gedachte meer rotatie 
stabiliteit te willen verkrijgen en bot afsteun in een dikwijls osteoporotische heupkop. 
Biomechanische tests lieten eenzelfde rigiditeit en stabiliteit zien als systemen met 
een enkele collumschroef, maar er bestond wel een hogere weerstand tot falen. 
Met de introductie van deze implantaten ontstond ook een nieuwe complicatie: het 
Z-effect. Het Z-effect beschrijft het naar buiten komen van de onderste (inferieure) 
collumschroef en de mediale migratie van de bovenste (superieure) collumschroef. 
Het ‘reversed Z-effect’ beschrijft het tegenovergestelde. Een conceptuele 
verklaring voor het optreden van een Z-effect bestaat uit complexe biomechanische 
processen waarbij osteoporose, beperkte laterale afsteun, mediale instabiliteit en 
een constante frictie tussen heupkop en axiale belasting in varus mogelijk een rol 
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spelen. We hebben de hypothese getoetst of het gebruik van een lange pen een 
Z-effect zou kunnen voorkomen aangezien dit een langere kracht-arm opleverde 
en laterale afsteun over een langer gedeelte van de femurschacht. In totaal zijn 
er 80 patiënten geïncludeerd waarbij tot 2 jaar postoperatief de röntgenfoto’s 
uitvoerig beoordeeld werden op radiologische uitkomstmaten. De incidentie van 
het (reversed) Z-effect was 9%. 6 van de 7 Z-effect patiënten hadden een korte 
pen gekregen (niet significant). Patiënten met een lange pen had significant meer 
postoperative complicaties in vergelijking met patiënten die een korte pen hadden 
ontvangen (mediaan 2 vs 0.5, p=0.001). De lange pen groep kreeg vaker een 
bloedtransfusie (82% vs 31%, p≤0.001) en had een langere opname duur (13 vs 
21 dagen, p<0.05). Migratie van een van de collumschroeven (p≤0.009) en de 
aanwezigheid van een instabiel fractuurtype (p<0.05), waren risicofactoren voor re-
operatie. 21% van de patiënten kreeg binnen 2 jaar na plaatsing van het implantaat 
een re-operatie, waarvan een kwart kwam door het optreden van een Z-effect.  
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 VALORIZATION ADDENDUM
RELEVANCE
Hip fractures are a major socioeconomic- and health burden. This thesis contributes 
to the improvement of various aspects of care for hip fracture patients. Even with 
optimal care, improved techniques and implants, elderly hip fracture patients suffer 
from high morbidity and mortality rates, which is associated with increased health 
care costs [1]. 
In the Netherlands more than 20.000 patients sustained a hip fracture in 2010 [6]. 
Prognostic calculations predict that the proportion of the population aged 65 and 
above will increase from 18% in 2017 to 26% in 2040 [7]. An increasing proportion 
of the population will be over 80 years old [7]. This will result in an increased 
incidence of hip fractures in the future. This thesis showed that the consequences 
of a fractured hip are serious for elderly patients. Up to 9% of patients die within 30-
days, 29% within 1 year and 38% within 2 years after surgery [8]. Postoperatively, 
expensive aftercare is needed for rehabilitation, but the chance of full recovery to 
pre-fracture level of mobility is low [2-4]. Institutionalized elderly regained only in 
17% of their overall functional ability and 13% returned to their pre-injury ambulatory 
status [5]. This thesis offers an extensive overview of perioperative care of hip 
fracture patients. 
TARGET POPULATION
The results of this thesis are relevant for health care professionals who are 
involved in the treatment of hip fracture patients such as orthopaedic and trauma 
surgeons, anesthesiologists, geriatricians, emergency physicians, cardiologists 
but also general practitioners, emergency staff, ambulance staff and nursing 
home physicians. In addition, the results of this thesis are of interest for (medical) 
companies (profit and non-profit), which are developing medical devices, products, 
apps and more to improve care for hip fracture patients.
THIS THESIS
With the patella pubic percussion test (PPPT) we propose a bedside technique to 
guide for further imaging when no clear fracture is found on X-rays, but clinically 
suspected (occult hip fracture). The PPPT has the potential to prevent missed 
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fractures and the costs associated with it. Missed hip fractures lead to secondary 
hip displacement, with increased risk of avascular necrosis of the femoral head, 
non-union and higher chances of morbidity after future operations [10]. We have 
organized local hands-on workshops for emergency staff, ambulance personal, 
general practitioners and surgeons about the PPPT. During these workshops we 
discussed the use of PPPT in a prehospital setting vs. the use of the PPPT in the 
case of expected occult hip fracture on an emergency department. 
With a proper preoperative assessment we aim to reduce the risk associated with 
surgery and anaesthesia, to increase the quality of perioperative care, to restore the 
patient to the desired level of function, and to obtain the patients informed consent 
[11]. We have demonstrated shortcomings in preoperative cardiac screening 
of elderly with hip fracture. This thesis showed that ‘cardiac overscreening’ is a 
commonly occurring phenomenon and leads to increased delay to surgery, which 
poses a risk for perioperative complications and early mortality. These results 
show that it is important for treating teams to evaluate their own hip fracture care 
path and preoperative screening. National guidelines and quality indicators for 
Dutch hospitals advocate definitive treatment within 24 hours [12]. Preoperative 
cardiac screening should be executed in accordance with the American College 
of Cardiology & American Heart Association (ACC / AHA) guidelines, in this way 
unnecessary delay or excessive use of medical recourses and costs are prevented. 
Finally, we performed a clinical study on implant failure after intramedullary nailing 
with dual lag screws for extracapsular hip fractures. The secondary purpose of this 
study was to evaluate the use of such implants for different fracture types in our 
institution. Studies on implant failure, are of great value for medical industries and 
indirectly lead to further improvement of their products.
REFERENCES
1. Carpintero P, Caeiro JR, Carpintero R, Morales A, Silva S, Mesa M: 
Complications of hip fractures: A review. World J Orthop 2014, 5(4):402-
411.
2. Osnes EK, Lofthus CM, Meyer HE, Falch JA, Nordsletten L, Cappelen I, 
Kristiansen IS: Consequences of hip fracture on activities of daily life and 
residential needs. Osteoporos Int 2004, 15(7):567-574.
3. Shah MR, Aharonoff GB, Wolinsky P, Zuckerman JD, Koval KJ: Outcome 
after hip fracture in individuals ninety years of age and older. J Orthop 
Trauma 2001, 15(1):34-39.
8
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 168
168
4. Vochteloo AJ, Moerman S, Tuinebreijer WE, Maier AB, de Vries MR, Bloem 
RM, Nelissen RG, Pilot P: More than half of hip fracture patients do not 
regain mobility in the first postoperative year. Geriatr Gerontol Int 2013, 
13(2):334-341.
5. Folman Y, Gepstein R, Assaraf A, Liberty S: Functional recovery after 
operative treatment of femoral neck fractures in an institutionalized elderly 
population. Arch Phys Med Rehabil 1994, 75(4):454-456.
6. Statistiek CBvd: Ziekenhuisopnamen heupfracturen; geslacht, leeftijd en 
diagnose-indeling. National database. 2014.
7. (CBS) CBvdS: Prognose: 18,4 miljoen inwoners in 2060. 2017.
8. Smeets SJ, Poeze M, Verbruggen JP: Preoperative cardiac evaluation of 
geriatric patients with hip fracture. Injury 2012, 43(12):2146-2151.
9. Mundi S, Pindiprolu B, Simunovic N, Bhandari M: Similar mortality rates in 
hip fracture patients over the past 31 years. Acta Orthop 2014, 85(1):54-59.
10. Parker MJ: Missed hip fractures. Arch Emerg Med 1992, 9(1):23-27.
11. Garcia-Miguel FJ, Serrano-Aguilar PG, Lopez-Bastida J: Preoperative 
assessment. Lancet 2003, 362(9397):1749-1757.
12. Nederlandse Vereniging van Heelkunde NVvH, Nederlandse 
Orthopaedische Vereniging NOV: Proximale femurfracturen (guideline). 
https://richtlijnendatabasenl 2016.
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 169
169
ABOUT THE AUTHOR
Stef Jozef Marie Smeets was born on the 27th of August 1985, in Emmen, the 
Netherlands. He competed in gymnastics and due to his top sport career, he 
attended a sports talent high school (Atheneum, Katholiek Drents College). After 
graduating in 2003, he studied medicine from 2003 to 2009 at the University of 
Maastricht. He had the chance to experience two internships abroad: immunology, 
at the University of Linköping, Sweden in 2004 and internal medicine, at Tygerberg 
Hospital, South-Africa in 2007. It was in South-Africa where he met the love of his 
life, Lena Bilet from Moss, Norway. After graduating as a medical doctor in 2009 
he started as a surgical trainee at the Maastricht University Medical Center. At the 
department of trauma surgery, he started with clinical research on preoperative 
cardiac screening of elderly patients with hip fracture. After two years he continued 
as a surgical trainee at the Maxima Medical Center in Eindhoven/Veldhoven and 
achieved a resident position in 2012. After a successful surgical residency, with 
the specialization gastro-enterology and surgical oncology he started a consultant 
position at the MC Zuiderzee in Lelystad, in 2018. His primary work consisted 
of treating patients with colorectal disease, morbid obesity and proctological 
disorders. In 2019 he continued as a gastro-intestinal surgeon at Flevoziekenhuis in 
Almere. Stef lives together with Lena Bilet, Sebastian (5) and Filippa (1). In October 
2019 they are expecting their 3rd child.
8
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 170
170
LIST OF PUBLICATIONS
S.J.M. Smeets, B.P.W. van Wunnik, M. Poeze, G.D. Slooter, J.P.A.M. Verbruggen. 
Cardiac overscreening hip fracture patients. Archives of Orthopaedic and Trauma 
Surgery Aug 2019
S.J.M. Smeets, W. Vening, M.B. Winkes, G.P. Kuijt, G.D. Slooter, P.V. van Eerten.
The patellar pubic percussion test (PPPT): A simple bedside tool for suspected 
occult hip fractures. International Orthopaedics. Nov 2018;42(11):2521-2524. 
PMID: 30019126
S.J.M. Smeets, J.P.A.M. Verbruggen, M. Poeze. Effect of blood transfusion on 
survival after hip fracture surgery. European Journal of Orthopaedic Surgery & 
Traumatology. May 2018. PMID 29752534
S.J.M. Smeets, G.P. Kuijt, P.V. van Eerten. Z-effect after intramedullary 
nailing systems for trochanteric femur fractures. Published: Chinese Journal of 
Traumatology. Dec 2017; 20(6):333-338. PMID:29221656
M.B. Winkes, A.P.M. van Zantvoort, J.A. de Bruijn, S.J.M. Smeets, M. van der 
Cruijsen-Raaijmakers, A.R. Hoogeveen, M.R.Scheltinga. Fasciotomy for Deep 
Posterior Compartment Syndrome in the Lower Leg: A Prospective Study. American 
Journal of Sports Medicine. May 2016;44(5):1309-16. PMID: 26888880
S.J.M. Smeets, M. Poeze, J.P.A.M. Verbruggen. Preoperative cardiac evaluation 
of geriatric patients with hip fracture. Injury. Dec 2012; 43(12):2146-51. PMID: 
22995981
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 171
171
DANKWOORD
Het is dan eindelijk zover: het proefschrift is af! Het was 2009 in mijn afstudeerjaar 
van Geneeskunde toen ik mijn semi-artsstage bij de traumachirurgie ging doen in 
het MUMC+, een half jaar kliniek onder begeleiding van professor Peter Brink en een 
half jaar onderzoek bij Jan Verbruggen. Hier werd de basis van mijn promotietraject 
gelegd. 
Het heeft vervolgens 10 jaar geduurd om mijn promotie te kunnen voltooien, naast 
mijn klinische werk als ANIOS, opleidingsassistent chirurgie of chirurg. Het is 
zeker niet altijd gemakkelijk geweest, soms met horten en stoten gegaan, maar de 
aanhouder heeft gewonnen. Gelukkig waren er die verblijde mailtjes van Martijn 
Poeze die mij na enkele maanden in de periferie weer eens stuurde: ‘Stef hoe is het 
met je promotie…?’. 
In het Máxima Medisch Centrum vond ik een mooie aansluiting met enkele studies 
onder begeleiding van Percy van Eerten, Gert Kuijt en Gerrit Slooter. Wanneer ik dan 
aardig op weg was kon ik dit laten toetsen bij het ‘wetenschapsbureau’ Roumen-
Scheltinga. De snelheid waarmee een artikel van Marc Scheltinga, volledig rood van 
de ‘track changes’, terugkwam is nog altijd legendarisch. Uiteindelijk heb ik voor 
mijn promotie een fraaie combi kunnen vinden van studies uit zowel het MUMC+ 
en het MMC met als rode draad de perioperatieve zorg voor de oudere patiënt 
met een heupfractuur. Een speciaal woord van dank wil ik dan ook uitspreken aan 
iedereen die dit mogelijk gemaakt heeft. Daarnaast wil ik dit dankwoord gebruiken 
om degenen te bedanken die bepalend zijn geweest in de jaren van mijn opleiding 
tot chirurg, hier is nooit een goed moment voor geweest. 
Mijn dank gaat uit naar de leden van de leescommissie, Prof. dr. W.F.F.A. Buhre, 
Prof. dr. L.W. van Rhijn Dr. R.K.J. Simmermacher & Dr. M.J. Heetveld. Verder wil 
ik mijn dank uitspreken aan de leden in de corona. Ik kijk ernaar uit om met u van 
gedachte te wisselen over de inhoud.
Dank aan de gehele vakgroep chirurgie MUMC+ voor jullie aandeel aan mijn 
persoonlijke ontwikkeling, chirurgische vaardigheden en jarenlange prettige 
samenwerking. Dankzij jullie allen heb ik werkelijk een fantastische opleiding 
genoten en ben ik klaar gestoomd tot chirurg. Met deze beperkte woorden doe ik 
jullie feitelijk te kort! Dank aan de sectie traumachirurgie MUMC+ voor hun bijdrage 
aan deze thesis. 
8
534919-L-bw-Smeets
Processed on: 4-10-2019 PDF page: 172
172
Beste Jan Verbruggen, als student ben ik bij je begonnen en je hebt me 
geënthousiasmeerd voor de chirurgie. Dank voor je jarenlange begeleiding, dank 
voor de vele gezellige congressen. Het congres dat me het best is bijgebleven, is 
de Küntscher Society bijeenkomst in 2011, in Thessaloniki, Griekenland. Een intiem 
congres voor een select internationaal gezelschap dat het erfgoed van Gerhard 
Küntscher een warm hart toedraagt en alles wat met intramedullary nailing te 
maken heeft. Ik ben jarenlang lid geweest van de club. Het was dit congres waar 
ik de ‘best oral presentation’ won. Dank dat je mijn copromotor bent. Beste Martijn 
Poeze, dank voor jouw ultieme begeleiding, volhardende geloof dat ik dit ging 
voltooien, steun op momenten dat het moeilijk was. Met je zeer van pas komende 
kennis van de statistiek als epidemioloog stuurde je me altijd weer op pad. Samen 
brainstormden we al jaren geleden naar de stelling: ‘niet het penneke, maar het 
menneke’. Deze wordt in deze thesis in ieder geval vereeuwigd. Ik ben blij dat je 
mijn Promotor bent. Chapeau, hoe je als hoogleraar met zoveel promovendi, het 
klinische werk weet te combineren. Prof. Peter Brink, dank voor uw begeleiding 
in het begin van mijn carrière. U bent tevens groot uitdrager van de Patella Pubis 
Percussie test. Samen hebben we workshops gegeven aan medici en paramedici 
in Zuid-Limburg. Geniet van uw pensioen!
In het bijzonder dank aan Prof. Cees Dejong, dank voor het in mij gestelde 
vertrouwen, dank voor uw steun en bijdrage in het sturen van mijn carrière pad en 
verkrijgen van de opleiding. Ik val nog regelmatig terug op uw wijze chirurgische 
lessen en de kennis en kunde die ik bij de HPB heb opgedaan. Ik ga lekker verder 
met ‘restore anatomy’! Prof Laurents Stassen, mijn academische opleider dank 
voor uw steun in het verkrijgen van de opleiding. Dank aan u en Jarno Melenhorst 
als mijn laparoscopie opleiders dank voor het in mij gestelde vertrouwen, de talloze 
rectum operaties (PME, TME, APR en robot) die we samen hebben mogen doen. 
Jarno dank voor de fijne chemie op de werkvloer, mooi om te zien dat jouw perifere 
drive zo floreert binnen de academische zorg, je bent een voorbeeld. 
Alle chirurgen MMC, dankzij jullie heb ik een fantastische opleiding gehad en een 
boven gemiddeld aantal meters kunnen maken. Dankzij jullie was ik klaar voor het 
‘echte’ chirurgenwerk. Dank voor het in mij gestelde vertrouwen. Ik zal mijn gehele 
carrière heugen dat mijn basis bij jullie is gelegd. 
Arijan ‘best een bypass doen’ Luijten, een van mijn laparoscopie opleiders, dank 
voor jouw rust op OK, vertrouwen in mij en dank dat ik je af en toe nog eens een 
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casus kan voorleggen als chirurg. François ‘no guts no glory’ van Dielen, dank 
voor die heerlijke straten bariatrie die we samen onder het genot van Q-music ‘het 
foute uur’ er doorheen knalden. Wouter ‘mensen zijn net uien’ Leclercq, dank voor 
jouw altijd kritische noot en prettige samenwerking op een van die vele GE, bariatrie 
of lever OK’s! Gerrit Slooter, mijn laparoscopie opleider met het minste geduld, 
maar ik heb veel aan je te danken. Was ik eens in een uurtje op de bekkenbodem 
met een TME, dan was het nog ‘tjah.. had eigenlijk in 45 minuten gemoeten Smeets’, 
of als TEP koning 14 liezen op een dag plannen om je vriendje uit Curaçao te 
laten zien hoe wij dat hier deden. Op de klok kreeg ik dan een tijdsbestek tot mat 
plaatsing. Dit heeft bij mij altijd het beste in me naar boven gehaald. Een van jouw 
vele quotes was: ‘die patiënt heeft het geestelijk vermogen van een AIOS’. Dank 
voor alles, dank dat je mijn copromotor bent. Rudi ‘mezzzzzzzzz’ Roumen, mijn 
perifere opleider, charismatisch als je bent, weet je iets fantastisch een ruimte in te 
bulderen. Van jou heb ik geleerd ‘verder te kijken’ en soms tot het uiterste te gaan 
voor een patiënt. Ik denk met veel vreugde terug aan de lever OK’s die we samen 
deden met de door jouw zelf ontwikkelde drup-coagulator, de zwaffelaar. Marc 
‘science races on’ Schel-tin-ga, intern opleider, dank voor de directe begeleiding 
van mijn proefschrift, de fijne beoordelingsgesprekken waarbij je op prettige wijze 
me soms een spiegel wist voor te houden. Ik citeer jouw legendarische woorden: 
‘het mag wel ruiken, maar niet stinken’. Dank aan het ‘Triomferaat’ opleiders MMC: 
Mart Bender, Marc Scheltinga en Rudi Roumen.
Beste assistenten chirurgie in het MUMC+ & MMC, dank voor die nooit te 
vergeten tijd die wij als AIOS/ANIOS doormaakten met elkaar met o.a. geniale 
wintersport trips, feestjes, congressen, assistentenweekend Ardenne en altijd pret 
op de assistentenkamer. Chirurgie is: ‘work hard, play harder’. Geniet met volle 
teugen van jullie assistententijd, voordat je weet is het al weer voorbij! Michiel 
Winkes (Winky) dank voor het samen publiceren. Wij hielden er altijd graag de 
beuk in op de acute OK lijst en als geen ander wisten we feilloos het consultensein 
te combineren met OK. Samen hebben we een legendarisch weekend naar Porto 
voor de vakgroep chirurgie MMC neergezet in 2015. 
Alle chirurgen MC Zuiderzee: Gijs Algie, Yves Montauban, Stefan Damen, Ruben 
Schouten, Dominika Chadanova en Afzal Amir. Wat hadden we een mooie club! 
Beste huidige collega’s Flevoziekenhuis, ik ben op een bijzondere manier in de 
vakgroep gekomen, maar ik heb dit als een bijzonder warm welkom ervaren. Wij 
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hebben de bariatrie behoorlijk op de rit gekregen en timmeren aan de weg met de 
laser voor proctologische doeleinden. Wat zijn we een mooie toekomstbestendige 
vakgroep.
FRIENDS & FAMILY
Lieve Mam, tegenwoordig hoeven we niet dagelijks meer te bellen, maar het liefst 
wel om de dag. Je bent altijd geïnteresseerd in alles, attent en enthousiast over 
alles dat ik doe. Blijf dit vooral doen. Je hebt er alles voorover om je kleinkinderen 
te zien of dit nu in Maastricht, Opgrimbie (BE), Maasmechelen (BE), Bergeijk of 
Lelystad is. Je bent de beste, ik hou van je. Je bent nu gelukkig met Peter, dank dat 
jij er voor mam bent. Rest in peace lieve Ruud. Dank voor al die goede gesprekken 
samen en de prachtmomenten die je samen met Sebastian had. 
Pa, dank voor jouw onvoorwaardelijke steun, kritische kijk op zaken. Ik weet hoe 
ontzettend trots je op me bent! Carla je bent een pracht mens en zo begaan met 
ons en de kinderen. Ik vind het fantastisch hoe jullie de family telkens weer bij elkaar 
zien te krijgen in een mooi oord met een zwembad. Enorm genieten altijd, dank. Pa 
& Carla, jullie zijn er altijd voor ons, ik hou van jullie.
Tim, broertje, the champ, wat ben ik trots op je! Je laat je door niemand iets wijs 
maken en specialiseert je nu tot ziekenhuisapotheker. Paranimf zijn gaat je ook 
redelijk af, misschien dat ik ooit deze dienst terug kan verlenen? Ayfa wat moest 
ik zonder jou?! Dit is nu het 2e boekje dat je aflevert in the family. Samen onder 
het genot van een wijntje, brainstormden we over hoe het eruit moest komen te 
zien. Helaas had ik geen ‘moodboard’ gemaakt, maar we kwamen er direct uit. Wat 
een prachtig eindproduct heb je neergezet en dank voor het presteren onder deze 
enorme druk. Tim & Ayfa, wat zijn jullie mooi samen, love you. Myrth, zusje, wat 
heb je een lieve, warme persoonlijkheid, nog even en dan ben je GZ-psycholoog 
(en dan kan ik je ook gebruiken voor de bariatrie, haha!). Joep je bent Sebastians 
held en daarmee ook de mijne. Myrthe & Joep, het wordt tijd dat we wat dichter bij 
elkaar komen wonen. Wat zijn jullie mooi samen, love you. Juul, lief zusje, de jongste 
en de knapste van het stel! Had ik nog maar eens zo’n bruisend leven als jou. Ik ben 
enorm trots op je! Joeri, je bent enorm oprecht en hebt een fantastische chemie 
met Sebastian. Goed oefenen met ceremoniemeester zijn, ik heb je misschien ooit 
nog nodig. Juliette & Joeri, wat zijn jullie mooi samen, love you. 
Kjære svigerforeldre, Roy & Marianne, søte svigerinne Sofie-Elise, kjære svoger 
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Cato. En gang kidnappet jeg deres vakre datter eller søster fra Sør-Afrika og tok 
henne med meg til Nederland. Takk for deres enorme gjestfrihet, vi setter alltid 
huset på hodet når vi kommer med hele flokken. Vi koser oss masse hos dere, og 
dere varter opp med god mat og drikke! Dere gjør virkelig alt for oss. Tusen takk!
Opa Piet, dit hadden we niet afgesproken hé! Ik weet niet of dit een verwoede 
poging van je is om wat extra symboliek aan deze thesis toe te voegen? 2 weken 
na je photo shoot een mediale collum fractuur oplopen en een kophalsprothese 
krijgen. Wat heb je een bijzonder leven gehad en veel van de wereld gezien. Altijd 
heb ik van je verhalen genoten. Op veel vlakken herken ik mij in jouw, je bent handig, 
creatief en altijd in voor een gekke actie, we hebben altijd veel gedeelde interesses 
gehad. Oma Lies, zorg je dat opa zich een beetje gedraagt in het ziekenhuis? 
Laten we hopen dat hij er bovenop komt. Je bent altijd zo lief en zorgzaam en 
wilt het ons graag naar de zin maken. Elke keer heb je wat lekkers gebakken of in 
huis gehaald. Ik vind het prachtig om te zien hoe jullie van de achterkleinkinderen 
genieten, we komen altijd graag op bezoek. Dank voor alle fijne herinneringen uit 
mijn jeugd.
Wijlen oma José & opa Sef, lieve opa en oma Echt, met veel vreugde denk ik terug 
aan mijn jeugd en de fijne tijd bij jullie tijdens de Carnaval of Echter kermis. Oma, 
zeer plots heb je ons verlaten op 10-augustus. Ik blij dat ik je vlak daarvoor nog 
gezien heb met de photo shoot. Dank voor alles. 
Dank lieve familie, Jan, Monique, Aniek, Rian, Peter, Desiree, Celine, Esmee, Mon, 
Daan, lieve Anka was je nog maar hier.
Terug naar het begin, zonder studententijd was er geen thesis geweest nu. In 2003 
startte ik geneeskunde in Maastricht, verder weg uit Emmen kon ik niet komen: 
4.5uur treinen. Dit betekende nieuwe stad, nieuw begin. Ik begon mijn avontuur 
vanuit de ruime zolder bij mijn oom en tante in Maastricht zodat ik mij kon oriënteren 
op een kamer. Lieve Marian, Theij en Caro, ik kijk terug op een super gezellige tijd 
bij jullie in huis. Stef eet je mee? Ga je weer op stap? Kom je thuis? Studeren? Alles 
was altijd goed. Uiteindelijk vond ik een kamer aan de Bolderikweerd in Heugem. 
Dicht bij de fitness, dicht bij de Uni en 10 minuten fietsen naar het Vrijthof. Jullie 
regelde direct een bijbaantje op basisschool de Spiegel via Ankie en ik kwam 
wekelijks nog bij jullie eten. In die jaren vierden we altijd samen Carnaval en dat 
proberen we elk jaar nog altijd te doen. Dank voor alles. 
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In mijn studententijd waren wij de onlosmakelijke drie-eenheid: Oliver, Bart, 
Stef. Een soort van mini-dispuut dat op maandag, woensdag en donderdag de 
stad onveilig maakte in de Cliniq, de Celebration, 2 Heren en dan eindigen in de 
Allebonneur (de Alla) of de Feesfebrik. 4-5x per week gingen we oud ijzer pompen 
in de sportschool bij Emil, wat een ware dagbesteding was die dikwijls 2.5uur 
duurde door al dat ouwehoeren. Motto: no pain no gain. In de zomer door buffelen 
in het Witte Vrouwenveld bij TopForm en later toen Samefko aansloot ook nog bij 
‘Barry’s Gym’ met 60kg dumbells, ‘lightweights… lightweights’. Oohja en ook nog 
studeren in die tijd. Samefko, Sander, Guy, Cas, Faro, Wims, Daniel, dank voor 
de mooie ‘Maastricht tijd’! 
Later werden we serieuzer, kregen kinderen, gingen in opleiding, ofwel moesten 
we stapavonden wat vaker inruilen voor wetenschap. Weekenden werden 
spelletjesavonden Canasta met Bart & Dominique of Risk met Esther & Darius. 
Avonden met te veel goede wijn, maar ach: goede wijn verheugt een mensenhart. 
Dank voor dit vertier, de reden dat ik het allemaal heb volgehouden. Dank voor jullie 
hechtte vriendschap. Dagelijkse updates over het leven en de kinderen delen we 
in de ‘Decibel/Defqon/Qlimax-app met ook Rob & Suzan. Dit helpt mij ontsnappen 
aan de dagelijkse sores als ik lees welke zaken weer allemaal de revue passeren. 
Bart, maatje voor het leven, dank dat je mijn paranimf bent. 
Dan mijn lieve schat. Lena the Norwegian princess, alias the Viking. Ons sprookje 
begon in Zuid-Afrika 2007 en kijk eens wat een mooi gezinnetje hieruit voort kwam! 
Ik zeg je wel eens: jij bent de reden dat ik succesvol kan zijn in dit vak. Jij bent de 
reden dat ik überhaupt een boekje in mijn handen heb, wat een werk heb jij je op 
de hals gehaald door mijn lay-out te doen in In-design. Zoveel avonden die wij 
niet Netflixend op de bank doorbrachten, maar zij aan zij aan iMac en Macbook 
gekluisterd om de laatste loodjes te voltooien. Ik ben je eeuwig dankbaar. We 
hebben een prachtige zoon Sebastian (5) en dochter Filippa (1) samen. Met 
nummer 3 op komst kan ons geluk niet op. Ik hoop wel dat hij/zij nog in ieder geval 
zitten blijft tot na de verdediging. Django the Frenchy maakt het plaatje af. Hvis 
jeg vet hva kjærlighet er, er det på grunn av deg. Jeg elsker deg. Lieve Sebastian 
& Filippa, jullie geven zoveel rijkdom, jullie maken het leven zoveel mooier, Ik hou 
zielsveel van jullie! 
Tenslotte, het is niet vaak dat je in het leven iets aan je ouders kunt opdragen. 
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Mijn ouders – deze thesis is voor jullie
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STELLINGEN BIJHORENDE HET PROEFSCHRIFT
PERIOPERATIVE CARE OF HIP FRACTURE 
PATIENTS
1.Preopera t ive  card iac  overscreen ing 
leads to  de lay  to  surgery  and is  a  r i sk  fo r 
worse  ou tcome a f te r  h ip  f rac ture  surgery 
( th is  thes is )
2 .B lood t rans fus ion  is  no t  cor re la ted w i th 
mor ta l i t y  a f te r  h ip  f rac ture  surgery ,  anemia 
is  ( th is  thes is )
3 . In  case o f  a  pos i t i ve  Pate l la r  Pub ic 
Percuss ion  Tes t ,  fu r ther  imaging shou ld 
be per fo rmed fo r  susp ic ion  o f  occu l t  h ip 
f rac tures  ( th is  thes is ) 
4 .Migra t ion  o f  lag  screws a f te r  dua l  lag 
screw in t ramedul la ry  na i l ing  sys tems,  lead 
to  ‘Z -e f fec t ’  and re -opera t ions  ( th is  thes is ) 
5 .N ie t  he t  ‘Penneke ’ ,  maar  he t  ‘Menneke ’ 
( thes is  re la ted)
6 . Is  the  bes t  p la te  a  na i l ? 
A .  Tucker  e t  a l .  A  rev iew o f  3230 uns tab le 
in te r t rochanter ic  f rac tures  o f  the  prox ima l 
femur .  Journa l  o f  Or thopaedic  Trauma 
2017 ( thes is  re la ted)
7 .Ag ing is  most ly  the  fa i lu re  to  repa i r  - 
Gregory  Benford  ( thes is  re la ted)
8 .S tay  hungry ,  s tay  foo l i sh  -  S teve  Jobs
9.You have to  expect  th ings  o f  yourse l f 
be fore  you can do them -  Michae l  Jordan
10.  Bonum v inum lae t i f ica t  cor  homin is  - 
Ben S i ra  (S i rac ide ,  40 :20)
11. I ’ ve  got  an  ange l ,  she  doesn ’ t  wear  any 
w ings  -  Jack  Johnson
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PERIOPERATIVE CARE OF 
HIP FRACTURE PATIENTS
STEF J.M. SMEETS
In this thesis from Stef J.M. Smeets essential topics 
about perioperative care of elderly with a hip fracture 
are discussed. After a comprehensive and broad 
introduction, several clinical studies are presented. The 
author studied the value of the Patella Pubic Percussion 
Test (PPPT) and discusses whether this test has a place 
in modern practice. The topic of preoperative cardiac 
screening is extensively studied, and the importance of 
correct screening is emphasized. Thereafter, the author 
tries to unravel the truth about the association between 
blood transfusion and mortality after hip fracture 
surgery. Finally, a rare complication after intramedullary 
nailing with dual lag screws is revealed: the Z-effect phenomenon. Additionally, 
an overwhelming amount of data regarding postoperative complications and 
mortality after hip fracture surgery is included.
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